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BACKSCAT Lidar Simulation Version 4.0-
Technical Documentation and Users Guide

1 INTRODUCTION

The Electro-Optics Measurements Branch of the Optical Environment Division in the
Geoohvsics Directorate of the Phillips Laboratory (PL/GPOA) uses many lidar sYstems to probe
the atmosphere. These lidar systems t vpicallv measure the back�canered rUum as a way of
studying aerosol profiles. Some of the lidar systems have the additional capability of measuring
the Doppler return from a�rosois for use in determining wind profiles. Other lidar systems have
been designed to detect the Raman scattering phenomenon as a wa� of studying the distributions
of molecular species.

In order to interpret the data from lidar systems and to design future lidar systems, it is
�seful to simulate the operation of lidar systems with computer codes. Siace 1988. SPARTA.
Inc. has been actively developing a lidar simulation package tbr the IBM PC environment called
BACKSCAT. The code is based on the atmospheric pardculate models dexeloped at PL/GPOS
and can be used to simulate the backscatter return from lidar systems of different designs.
viewing g :ometries. and atmospheric conditions.

1.1 IJistorv of BACKSCAT

SPARTA's BACKSCAT lidar simulation prickage has under�ooe considerable growth
over the years. [or rekrence. the evolutionary nature of BACKSCAI' is shown in Figure I
Version 1.0' ��as a completely f?( )RTRAN-based package that incorporated a limited menu

(juivens. Jr.. N.Rafuse. S.F . Ilummel, il?. arid t'1�eifrtz. NI.(i.. I 988) "BA(KSCAI Lidar
Backscatter .�imuIation I. isers \lanual tbr Version 1.0.' A:r lorce (icophvsics Laboratory.
I lanscom AlP, MA, AFGL- I R-881)33 I AI)A 219487



interface system. Version 1 .0 permitted users to simulate the backscattered lidar return from
model atmospheres arid aerosols that have been developed by the Geophysics Directorate:'
Version 2.0 of BACKSCAT3 contained a completely redesigned C-basccd menu ir~rcsys~ern.
Additionally, Version 2.0 permitted users to simulate the backscattered lidar return from desen
aerosols and cirrus clouds, Plus the capability to simulate the molecular contribution using
radiosuinde data. Version 3.0 of BACKSCAT' included two features that provided users with

flc xiU Ek ;mlaiil Lapabilities. The first feature allowed users to define the properties
of an aerosol layer by means of size distribution and-index of refraction data. The second feature
allowed users to simulate the backscattered lidar return from a Raman scattering lidar system
wvhich expanded BACKSCAT from just a backscattering hidar simulation package to a more
general pur-pose lidar simulation~ package. The purpose of this report is provide technical
documenrtation and a Users Guide for the latest versior.. BACKSCAT Version 4.0.

1990 Version 1.0
F~ORT' FaN Based System wilth

AFGL Aerosol Models as
Built-in Defaults

1991 Version 2.0
-New G-Based Menu System

C imius Clouds and Desert
Aerosols Added

1992 Version 3.0

*Surface Rleflections Added
-User-Defined Aerosols

-System Efficiency Considered
*Raman Lidars Simulated

1994 Version 4.0
Signal-to-Noise Added

LiUbrary of Detectors Included
-Corlerertt Doppler Lidar Simulated
-Water Clouds Included
-Estimates of Molecular Absorption Available

Ficure 1. Schematic Representation of the Growth of SPARTA's BACKSCAT Lidar Simulation
Packai~e

Fenn. R.W.. Clough, S.A., Gallery. W.O. Good., R.E.. Kneizvs. F.X.. N/ill. J.D., Rothmian,

L.S.. Shettle. E.P.. Voiz. F.E. (1 985) 'Optical arid Infrared Properties of the Atmosphere."1

Chap. 1 8 in Handbook 01 GeophysiCS and the ;pace Environment. A.S. Jursa Scientific
Fditor. Air Force Geophysics L.aboratory. Hlanscom AFB. NIA. AFGI.-TR-85-03 15, ADA
167000.

Ilumnmel. J.R.. Longtin. D.R.. Paul. N.L.. and JIones, J.R. (1991) 'BACKSCAT Lidar
B3ackscatier Simulation: IUser's (luidc for Version 2.0," Phillips Laboratory. 1I-anscom AFB,
M'vassachusetts. PL-TR-91 -218 1, 1 1 July. ADA 243949.

flummel. J.R.. Longtin. D)R.. DePiero, N.L., and Grasso. RiJ. (1992) "F3ACKSC.AT Lidar
Backscatter Simulation Version 3.0: T~echnical Documentation and U~sers Guide." Phillips
Laboraiorv. l'lanscom AFB8. Miassachusetts. II_-- TR-92-i3_'28. 3 Decembei. ADA 267296.



1.2 Summary of Work Performed for BACKSCAT Version 4.0

BACK ,CAT ,,ersi:cn 4.0 includes a number of major ne-v technical features. Foremost is
the abilitv iu evaluate signal-to-noi- re'rformance for direct detection and coherent Doppler lidar
systems. The performance models are based on standard signal-to-noise relationships and
includes all important noise sources. The models permit any detector type and spectral region to
-'e considered. As an alditioral ft.aure. "ignal.- -- noise ratios are used to estimate the accuracy of
range and wind speed measurements for the chosen lidar configuration.

The signal-to-noise performance models transform BACKSCAT into a more general
purpose lidar simulation tool. That is. past enhancements to BACKSCAT focused on better ways
to define the state of the atmosphere and how it affected the propagation of the lidar beam.
However, a thorough assessment of lidar performance must consider the ability of the lidar to
detect the backscattered energy after it passes through the atmosphere. With BACKSCAT
Version 4.0. users now have more flexibility in regards to the type of detector and how well it
responds to the backscattered energy. Thus. BACKSCAT Version 4.0 better serves as a tool for
users who want to design a lidar system that explores specific aspects of the atmosphere.

In response to the user community, the second new feature in BACKSCAT Version 4.0 is
the ability to include water clouds in lidar simulations. Although the user-defined aerosol option
in BACKSCAT Version 3.0 can be used to represent water clouds, it requires detailed
information about the cloud particle size distribution that might not be available to some users.
7i hus. as an alternate approach. water clouds now can be "clicked on" automatically as a built-in
cloud model.

The third new ftature in BACKSCAT Version 4.0 is an auxiliary package that estimates
the molecular absorpiion profile for a particular lidar waveiength. Although the framework of
BACKSCAT Versions 1.0 through 3.0 provided the means to include molecule absorption in a
simulation. BACKSCAT did not provide a tool to calculate the molecular absomtion. Thus, the
burden of obtaining molecular absorption profiles rested entirely with the user. In BACKSCAT
Version 4.0. the molecular absorption package has been named mabs and generates output that
can be directly used in a lidar simulation. It must be noted that mabs perfbims a broad band
calculation. so the package is not intended to be a complete treatment of the molecular absorption
problem.

The fourth new feature to BACKSCAT Version 4.0 is a rudimentary installation utility.
This installation utility is included on the BACKSCAT Version 4.0 distribution diskettes and
reduces the amount of user intervention in the initial BACKSCAT setup.

Another development in BACKSCAT Version 4.0 concerns the computer requirements
for the package. Specifically. the addition of new software has caused BACKSCAT to encroach
on the 640 Kbvtes memory barrier imposed by MS.-DOS. To overcome this problem, the
"science" portion of the code (hackscat.exe) and the user-defined aerosol package (usraer.exe)
are now compiled as protected-mode Microsoft FORTRAN programrs. The protected-mode
programs are then executed from the menu interface system by means of the ['har L ap 286,'DOS-
ExenderT". From the viewpoint of the user. this solution to the inemon, problem does not alter
the flow of execution of B.ACKSCAT. However. users who wish to recompile the software must
1ave the Phar Lap 286/DOS-LxtenderrTl Rum Time Kit (RTK) and bind i. with the protectei-

mode programs



1.3 Organization of thle Report

This report provides technica documentaoto:i and a Ussers Guide hfr BACKSC.-\T Ve--
i,,on 4.. Chapter 2 eives detailed inonfnorain about the new teatures in BACKS(AT mctudin,
ipnal-tw-noise pertormance relations hor direct detection and coherent Doppler lidar systems.

Jescnptions of five built in dctectors. ,icientmc background for the water clouds feature. and the
treatment of molecular absormtion. Sample results for the performance models are given in
Chapter 3. The remaining chapters in this rej,ý,rt serie as a Users Guide for BACKSCAT Version
"-4.0. Chapter 4 gives an overview oft BACKSCAT Version 4.0. including its computer
requirements and instructions to install an•d start the code. Chapter 5 describes how to use many
of the Main Menu options for BACKSCAT Versicn 4.0. Since some of the features in the BACK-
SCAT menu intertace require extensive documentation, thcy are described in separate chapters.
Chapter 6 describes the kain Menu option used to specify a lidar system, including new
parameters for rme signal-to-noise performance models. Chapters 7 and 8 describe the Main Menu
options used to define the viewing and atmospheric conditbons. respectively. Chapter 9 describes
how to define a user-defined aerosol laver and Chapter 10 describes how to use the Radiosonde
Data Entry Program. Currently. the Radiosonde Data Entry Program can be accessed from
BACKSCAT Version 4.0 or used aks a standalone program. Note that the options discussed in
Chapter 7 and 9 are unchanged from BACKSCAT Version 3.0. but documentation is provided
for completeness. Finally, Chapter I I provides a summary and recommendations for future work.
Two appendices are also included. Appendix A describes the data files used by the code and
Appendix B includes instructions on running the code in batch mode.

2 TECHNICAL DOCUMENTATION FOR NFW FEATURES

This chapter gives technical documentation for the new features in BACKSCAT
Version 4.0. Instructions to invoke these features from the menu interface are given in the Users
Guide. which begins in Chapter 4. Technical documentation for other BACKSCAT features can
be found the manuals for Versions 2.0 and 3.A)." 2

2.1 Signal-to.Noise Performance Relations for Direct Detection Systems

The signal-to-noise performance relationships for direct detection lidar systems are
developed below. In the framework of BACKSCAT Version 4.0, these relationships apply to
aerosol backscatter and Raman lidar systems. As output, a BACKSCAT simulation includes
values of slinma-to-noise as a function of range and altitude. For the most part. the signal-to-noise

S I I I I4



relationship,. arc taken from rcad\d ,Jtalabhk references such as WVolte and i2issis, Kingston.
Jclaian. and Skchntk"

2.,.1 Assumptiores
The perloemance model tor direct detection systems assumes that the signal-to noise ratio

.SNR is relauvelv large. so the lidar.s do not operate ý%ithin the photon counting regime. Also, it
is a&,umed that the detection system uses a matched filter aid that the field-of-view of the
receiver and transmitter are matched. Presentlv. only pulsed lidar systems are considered. For
reference. Table ! lisLs the sgnal and noise factors that are considered for direct detection

systems.

Table 1. Signal and Noise Factors That Are Considered in the Performance Model for Direct
Detection Systems. In BACKSCAT Version 4.0. aerosol backscatter and Raman lidar systems are
direct detection systems

SIGNAL FACTORS NOISE FACTORS

Hardware optical efficiencies Signal photon shot noise
Atmospheric attenuation Background photon shot noise
Aeroscl backscattier Thermal (Johnson) noise
Detector quantum efficiency Detector dark ,.urrent
Aperture size/obscuration Preamplifirr noise
Lidar output power Spatial/spectral/tempoial noise suppression
Lidar beam quality Hardware optical efficiencies

Detector quantum efficiency
Detector noise equivalent power (NEP) ana
excess noise figure,

SThe perfornmý,e model i BACKSCAT Version 4.0 does not consider flicker noise and
optical turbulence effects. in general. turbuleace effects r-an cause a substantial loss in signal and
greatly reduce the effectiveness of any lidar system. These effects on a laser beam. both spatial
and temporal. include beam wander. beam spread, spatial coherence loss, beam fading/distortion,
and beam breia-up.

'Wolfe. W.L. and Zissis, G.J. (eds.i (1978) "Te Infrared Handbook, Infrared Information and
Analysis Center, ERIM. Washington. D.C.

Kingston, R.H. (1978) Detecron 7of Optical and Inf,'ared Radiation, Spriner-Verlag, New
York.

Jela-ian, A.V. (1992) Laser Radar Systems, Artech House, Boston.
Skolnik. M.I. (ed.) (1970) Radar ttandbook, McGraw-Hill, New York.
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2.1.2 (overninng Equationis

/liw, SNR reia.ons ,onidt-er AW the important noise ter.ms inherent to the detection proc-
•.Nc• t r, phu•mult)phers IP.MfT. avadanche photodiodes (APD) and photovoltaic (PV) long
k awe intrared f[WAVIR, detectors. Ihese noise sources include signal shot noise. background shot

n11se. dark cuiTent. Johnson t.hermal noise and other amplifier noise factors.
The voltage signal-to-noise ratio is defined as

SNR= / 1

where i: is the mean square current due to the return signal and i; is the overall mean square

noise current due to all noise sources. The mean square signal current is

= 21P (2)

where P, is the received power on the detector due to atmospheric backscatter. 9i is the detector
cathode responsivity at the lidar wavelength. X. and G is the detector gain. The signal current can
be recast in terms of the detector's quantum efficiency, TI, as

i, G le, P" (3)

where h7 is the Planck constant, v is .Vc with c being the speed of light- e is the charge of an
electron (1.6 x l0 9C). and the cathode responsivity equals

9• e (4)

hv

In Eqs. 2 and 3. the received powker from a volume of aeros.)l a distance R away from the lidar is

P TTR T t 14 (5)

where
F, is the peak power per lidar pulse:

Tr Is the overall transmitter optical efficiency:
z.a is the one way atmospheric transmission to the aerosol volume location:
tR is the overall receiver optical efficiency which includes any narrowband filter transmission

and polarization losses:
[i is the backscatter coefficient at the aerosol volume location:
t, is the lidar pulse length:

AR is the receiver collector outer aperture area, and
c is the receiver obscuration efficiency.

"6



In Eq. 5. the obscuration efficiency equals

S~D:R S= 1- D---" (6)

and the receiver collector outer aperture equals

AR = 7tD2 /4 (7)

where DR is the receiver diameter and Dob, is the diameter of any obscuration. The effective col-
lection area is equal to EDR. Also note that Eq. 5 assumes the field-of-view (FOV) of the
transmitter and receiver are matched. That is. the laser spot size on target is the same size as the
"image" seen on the detector. Th'us. the FOV is not required in the lidar SNR equation when there
is no atmospheric background radiance.

In Eq. 1, the total detection system noise current is

i =2eBFG29N(P + P )+i, (8)

where F is the detector excess noise figure. B is the matched filter electronic bandwidth
(B=l/2tp), and i, is the total detector system noise current fron, all other sources. In Eq. 8. the
total detector system noise current can be specified in two ways. First it can be related to the
system noise equivalent power source term

i = NGB4NEP (9)

where NEP is the system noise equivalent power density. or second

I, +i +i;• (10)

where i,, is the rms dark current noise, i1 is the Johnson (thermal) noise, and i4 is other amplifier
noise current terms. The rms dark current noise is expressed in t, rrns of the dark current at the
anode. ldca,

i•c = /2-eFBGI•o 011)

and the Johnson noise term equals

i, = ,4kTTB/ RL, (12)

where RL is the load resistor, TL is the effective load temperature. and k is the Boltzmann constant.
In Eq. 8, the power, PF, received at the detector focal plane due to background radiance is

7



PF L, AxQ-R TR ,e.AR. (13)

where L, is the backerounu radiance. Ak is the receiver spectral bandpass filter bandwidth, and

Op is the total instantaneous solid angle of the receiver FOV. In Eq. 13. QR equals 7,'t /4
where OP is the full angle instantaneous FOV of the receiver (and transmitter). Note that the full
angle instantaneous FOV of the receiver must be greater than the diffraction limit of the receiver
optics. : - . )

ORe :D,(14)

BACKSCAT Version 4.0 issues a warning message in the log file whenever Eq. 14 is not
satisfied.

2.2 Signal-to-Noise Performance Relations for Coherent Doppler Systems

This section gives the signal-to-noise performance relationships for coherent Doppler lidar
systems. ks with direct detection systems, the signal-to-noise relationships are taken from readily
available references such as Wolfe and Zissis.' Kingston." Jelalian. and Skolnik."

2.2.1 Assumptions

In most operational coherent Doppler systems, the local oscillator power can be made
large enough to provide shot-noise limited operation of the receiver. This is assume: to be the
case in the signal-to-noise performance model in BACKSCAT Version 4.0. The performance
mode) also assumes unity mixing efficiency of the local oscillator with the amaospheýnic return. As
with direct detection systems. it is assumed that the detection uses a matched filter and that the
field-of-view of the receiver and transmitter are matched. Also, turbulence effects are not
considered in this version. In coherent Doppler systems. optical turbulence can cause a severe loss
in detected signal due to wavefront distortion effects on the mixing efficiency and it can also limit
the effective size of the receiver diameter.

2.2.2 Governing Equations

In coherent Doppler systems, a local oscillator operating at a single frequency. WOLO, is
used as a reference beam to down-convert the amplitude of the incoming signal and phase at the
optical signal frequency. w,, into a low frequency. The combined current due to the local
oscillator and incoming signal is

i(t) = iLO +i, +2JLo, COs(Wo C-)Lo)t, (15)
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where iro and i, are the dc currents due to the local oscillator and signal power. respectively. The

intermediate frequency, w,(, which is much smaller than both the local oscillator and optical signal
frequencies. equals the difference between the frequency of the two beams

(0, 1 o) -( 0 to, (16)

For coherent Doiopler systems, the voltage signal-to-noise is defined as

SNR = / i7 (17)

where i', 0G is the mean square intermediate frequency current due to the return signal and i. is the

overall mean square noise current due to all noise sources. The mean square intermediate

frequency current is obtained by time averaging the detector current i(t) in Eq. 15

,tI IC ( LA 2 2iL0i,, (18)

where averaging over the coamne-squared term introduces the 1/2 factor. The noise term is the
sum of all the possible noise sources

=r- +r ±r + +, + 1: (19)

where i,. I,,. .I. .i;.. and i are noise currents due to the local oscillator. the signal.

background. thermal. dark current. and other amplifier noise factors. respectively. The local
oscillator shot-noise is the only new noise term not discussed previously, it equals

i, = 2eBFG iLo. (20)

With suft2ient local oscillator power. only the Johnson noise term might compete with the local
oscillator. Thus,

SNR / + i (21)

and after substituting Eqs. 12. 18. and 20

SNR 2itoi (22)S =2eGFBLO + (4kT B/ RL

or

9



SNR (23)
eGFB! I +I (.GFR it

As in Eq. 3, the local Joscillator current can be recast in terms ot the local osciliator power. Pu,.

ior = Gie P , (24)I hv

and substituting Eqs. 3 and 24 into the SNR relation gives

SNR = I P I 1 4
hvFB + 2kThvV e-G2FRII IPlo

With the assumption that P. is large. the Johnson noise term becomes negligible and the SNR
relation reduces to the shot-noise limit

SNR= TVF,_ (26)

where F equals I foi CO 2 Doppler systems and

PLo >> 2kTL I hv (27)
RL eFG2 elj

For reference purposes. the quantity in Eq. 27 is always included in BACKSCAT's log file.

2.3 Estimates of Range and Velocity Accuracy

The ability of a lidar to detect an atmospheric retu-n is fundamentally limited by noise. For
example, the range of an atmospheric return is determined by when the received signal crosses a
threshold noise value in the receier. For coherent Doppler systems, the determination of a
target's velocity is limited by the ability of the Doppler processor to locate the center frequency of
the received signal spectrum having a signal-to-noise ratio and finite observation time.

To help users evaluate lidar performance. BACKSCAT Version 4.0 uses the signal-to-
noise ratios to estimate the accuracies of range and velocity measurements for the chosen lidar
configuration. As output, a BACKSCAT simulation includes range accuracies as a function of
range and altitude (velocity accuracies are only included for coherent Doppler systems). In the
framework of BACKSCAT. the term "accuracy" only refers to the uncertainty introduced by
finite signal-to-noLise ratios and, thus. it is confined to a system's inherent measurement capability.
(Accuracy should not be confused with the range or velocity resolutiov of a lidar. which are fixed

10



by the pulse duration and refer to the grid spacing for range and velocity measurements by a
lidar.)

2.3.1 Assumptions

Because output from the SNR performance modet is used, estimates of range and velocity
accuracy are subject to the assumptions discussed in Sections 2.1.1 and 2.2.1. The governing

equations currently assume a rectangular pulse of length t., alth.ough this limitation can be

relaxed in future versions of BACKSCAT. The estimatiors do not conwider other factors that may
limIt measurement accuracy. For example. it is assumed Liat no wind field structure exists within
range bins, either small scale turbulence or large scale wind shear. The lidar is assumed to be
stationary and there are no short-term or long-term pointing errors. Finally. for coherent Doppler
systems. it is assumed that there is no frequency jitter in the local oscillator.

2.3.2 Governing Equations

"Jhe expressions governing range and velocity accuracy are taken from Jelalian7 ard

Sko!nilk. The range accuracy. (5R. is given as

R= AI (28)
SR=2SNR

where AR=ctr,/2. For coherent Doppler systems, the velocity accuracy is derived from the

trequency accuracy. o,. which equals

3 1 (29)

l2 rtp SNR

Using the Doppler relationship

f = 2 V cosy (30)
k

the conversion factor for velocity accuracy equals W. where y is the angle between the velocity

vector and the hne-ot-sight of the lidar. Thus. the velocity accuracy, c(v. is given as

= • 1',3 1)

2 = 2itt SNR

Skolnik. M.J. "Theoretical Accuracy of Radar- Measurements." IRE Transactions on

Aeronautical and Naviganonal Electronic.s.
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Note that care must be taken when appivln'm the relations for range an.d velc'citv accuracy
These relations are pnimarily for hard target :eturns and not for targets distributed within a range
bin (i.e.. the aerosol) with va~iable and/or randomn motion. For both range arid velocity
measurements. there will be amplitude and phase modulation of' the r(e*urn signal. The range
accuracy of an aerosol medium within it raniee bin is somewhat misleading anid inappropriae.
Furthermore. th_- Doppler ,1pe::trum of an aerosei medium caip have a very broad spectral
envelope so tne veloci~ty aýcuracy can again be misleading.

2.3.3 Comparisons Against Existing Atmospheric WVind fields

For coherent Doppler simulations. :t is useful to compare velocity accuracies for a lidar
configuration against existing atmospheric %kind fieldE_ These wind fields are neither used in the
simulation nor are any wind fields produced by the simulation. Rather. the Wind velocity accuracy
as "'measured" by the simulated lidar can be referenced to these wind fields.

In BACKSCAT Version 4.0, atmospheric WInd fields can be specified with radiosonde
dma or iiserF cal' gelect from built-in wind fields that are representative of six model atmospheres.
When radiosonde data are used. users. can specify an existing radiosonde data tile or create one
with the Radiosonde Data Entry Program (see Chapter '10). The built-in Wlind field models come
from Kantoi and Cule0o who have tabula~ted monthly averages of %Ind fields at various locations
around the world. Table 2 lists the wind fields that have been chosen to represent six mrodel
atmospheres. For reference. the built-in wind speeds and directions are shown ir, Figure 2. It is
important to note that the monthly averages of the Kantor and Cole data have large variances. so
they should only be used for -x% hat if' research studies.

Table 2. Locxations anid Monthly Averaizes or' Wi1nd Field Data" That Have Been Chosen to
Represent the Six Model Atrnosuuzeres

MODEL LOCATION MONTH
ATMOSPHERE USED USED

Tropical Nwajlaiein (9'N. I168'E) July
Midlartude Summer Wallops lst and. Virginia (380N.75'NA) Jul
Midlatitude Winter Wallops Island. Virginia (38'N.752\ýV) Januar'v
Subarctic Surmmer Fort Churchiii. Manitoba (590N.94'W), July
Subarctic Winter Fort Churchill, Manitoba (5) 0N.94"W) Jartiudarv

UAS Standard Wallops Island. Vireinia (38,'N.75"W) April

Kantor. A1.. and Cole. A. F. 1 980) *Wind Distributions anti I 'rmlevel Ciorrelations. S'~il'ace to
00 kirn; .- ir Force Geophvsic Lahoratorv. H~anscom AtjZB. Niassaý:husetts. AFGL.-TR-8() 0242.
1Q Aui!uSt. A-)DA 092070.
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During a coherent Doppler lidar simuiation, BACKSCAT converts the existing wind field
to the radial wind speed. Vr, at range R along the lidar line-of-sight. Assuming the wind field is
horizontally ivniform and no vertical motion exists, the conversion is

(R) = V(R)Icos01cosl - (ý R)) (32)

where E and p are the lidar elevation and azimuth angles. respectively, and 4OR) and V(R) are the
wind direction and wind speed. respectively, at range-R. Any ranges above (or below) the limits of
wind field data use the highest (or lowest) v:dues. Note that winds moving towards the lidar are
positive.

2.4 Types of Detectors

BACKSCAT Version 4.0 contains five built-in detectors for use with the SNR
performance models. The five detectors have their parameters fLxed and they cannot be changed.
Below, th; specifications for the five detectors are given and their wavelength regions of
operation are provided. Additionally, users can define their own detector in terms of the
parameters given in Section 2.1.2.

2.4.1 Overview

In the visible and UV rei-,ions. avalanche photodiodes (APD) and photomultiplier tubes
(PMT) are available as built-in detectors. PMT detectors offer high internal gain and low noise
performance because Johnson. amplifier, and dark current noise sources are usually negligible
when compared to photon shot noise. On the other hand, APD detectors have a much higher
quantum efficiency but poorer gain and noise performance than PMT detectors. The lower gain of
APD detectors dramatically increases the significance of the Johnson and amplifier noise.
However. the higher quantum efticiencv of APD detectors ultimately allows photon shot noise to
dominate system performance. even when the effects of lower gain and noise performance are
considered.

In the LWIR region (=I10 um). a cooled photovoltaic (PV) HgCdTe detector is available
as a built-in detector. This detector can be selected for CO2 coherent Doppler lidar systems and it
offers a relatively high detectivitY and quantum efficiency.

2.4.2 APD-Visible Detector

The C30919 APD detector. manufactured by EG&G'. includes aii integral preanplifier
and temperature compensation circuit. EG&G specifies an overall system noise equivalent power
density which includes all dark current. Johnson noise, and amplifier noise terms. The applicable

EG&G Electro Optics Inc. 11987) Data Sheet for Photodiode-Preamplifier Module C30919E.
Camada.
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wavelengtb regirne of this detector is approximately 0.45 4im to 1. 1 4tm. Curve fits for the quan-
tum efficl.nýcv and overall system responsivitv (1 are given in Figure 3.

Phc detector gain. responsivity. and spectral NEP of the built-in APD detector are ob-
tained from the system respornsivity and quannr-n efficiency curves usingC-

NEP. = 2x1"(33)

and

where k is the lia& wavel~n,_.'~ irn'mcrons. The detector excess noise figire. F. is the only

other pararnzter that is requi.red for the performance of the built-in APD detector. The detector
specifications are given in Table 3.

2.4.3 Visible PMT Detector

To give users a choice of detectors at visible wavelengths. BACKSCAT Version 4.0 also
offers a visible PMT detector. The detector chosen is the Hamamat~su R636 side-on type pho
tomnultiplier tube with a 28 mmn diameter.;- The. curve fits of the R6-"'6 quantumn efficiency and re-
sponsivitv are shown in Figure 4. Table 4 IF t.s the tube's specifications.

2.4.4 UV PMT Detector

BACKSCAT Version 4.0 also offers a PMT that is better suvt~d for the LUV region (i.e.,
the Raman scattering regime). The UV detector chosen is the I-Lur:.ý)naosu R375 head-on type
pNjT 1 2 with a 51 mm base diameter. Ehle curve fits of the R375 quantumn effi-cienicy and respon-
sivitv are shown in Figure 5. Table 5 lists the tube's specifications.

2.4.5 SWIR Optimfized API) Detector

EG&G' also makes a version of their visible APD that is optimized to operate in the SWIR
I priv by 'dimpling'' the silicon detector's surtace. 'It !s assumetd that this detector is only used

Nvithin a very narrow spectral region so all [.arameterý are constant, Pie specifications t',r this
detector are given in Table 0.

I laniamatsti Inc. 1989)) Photomu Itiph er Tu bes ('ataloiY. H amiamatsu Photonics 1K.K.. Electron
Tube LDivision.

Polatiskv. C'. ( 1()1)( Private Con III U nicatloll. EGA&G Elecw-o Optics. Inc.



1.00' _ - 1.00

AC
-- "___-__ > -- ,• ' r_>

_ KAPD C30919
-.--

0. 1 0ý 0-.lOC-
E _0

-4- U*3

Q)

S r• - - Quantum Efficiency E

K -A -System Responsivity (n~

O.Olp 1 1 0•• I , I z I x I _. _ .01 >
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2

Wavelength (P-M)

Figure 3. Quantum Efficiency and System Responsivity for the Built-In C30919 APD Detector

Table 3. Specifications for the Built-In C30919 APD Detector

PARAMETER UNITS SPECIFICATION
Spectral response range ptm 0.40 - 1.10

Spectral response range (curve fit) Pm 0.45 - 1.10

Quanntm efficiency, j (-) 0.84 @ X--0.85 pam

Cathode responsivity, A/W 0.58 @ X=0.85 ptm

Total system gain. G (-) 36000 @ ?---0.85 4m

Total system responsivity, R MV/W 1.0 @ X--0.85 pim

System spectral NEP. NEP W/,/~7i 2 x 10- 14 @ X?=0.85 ptm

Excess noise figure (measured). F (-) 3.0

Active detector diamaeter nmn 0.8

Operating temperature range C -40 to 70

Output rise time ns . 10
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Figure 4. Quantum Efficiency and System Responsivity for the Built-In Visible PMTs (R636)
Detector

Table 4. Specifications for the Built-In Visible PMT (R636) Detector

PARAMETER UNITS SPECIFICATION
Spectral response range jrm 0.185 - 0.93
Spectral response range (curve fit) .rn 0.185 - 0.90
Quantum efficiency, i (-) 0.088 @ X=0.85 jim
Cathode responsivity, 91 tnAIW 60.0 @ X)---0.85 4m
Total system gain. G ( 1.8 X 105

Anode dark current, Id, namp 0.10
Excess noise figure. F (-) 1.20
Load resistor, RL ohm 50.0
Effective load temperature, TL K 300.0
Other amplifier noise current, i. namp 0.0
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Figure 5. Quantum Efficiency and System Responsivity for the Built-In UV PMT (R375)
Deý -ctor

Table 5. Specifications for the Built-In UV PMT (R375) Detector

PARAMETER UNITS SPECIFICATION

Spectral response range wn 0.16 -0.85

Spectral response range (curve fit) 4tm 0.16 - 0.70

Quantum efficiency. r (-) 0.19 @ X--0.40 i.tm

Cathode responsivity, 'N mA/W ,2 @ X4J.40 pm

Total system gain. G 1-) 6.7 x 105

Anode dark current. I, namp 5.0

Excess noise figure, F (-) 1.2

Load resistor. R, ohm 50.0

Effective load temperature, T, K 300.0

Other amplifier noise current, i2, niamp 0.0
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Table 6. Specifications for the Built-In "Dimpled" APD Detector

PARAMETER UNITS SPECIFICATION
Spectral response range (curve fit) .tm 1.04- 1.06

Quantum efficiency. ii (-) 0.40

Cathode responsivity. "2 A/W 0.5!

Total system gain. G (-) 30000

Total system responsivity. 9 MV/W 0.5

System spectral NEP, NEP W/,Hz 4 x 10-14

Excess noise figure. F (-) 3.0

Active detector diameter Min 0.8

Operating temperature range C -40 to 70

Output rise time ns •10

2.4.6 LWIR Detector

For coherent Doppler lidars operating in the LWIR region (=1-0 4tm) a cooled HgCdTe
photovoltaic detector5 is available as a built-in detector. D* equals 5 x 1010 cm-V'H-W within a
300 FOV at 100K and an assumed size of 0.5 mm. The specifications for this detector are given in
Table 7.

Table 7. Specifications for the Built-In LWIR HgCdTe Detector

PARAMETER UNITS SPECIFICATION
Spectral response range (curve fit) pm 9 - I i

Quantum efficiency. T1 (-) 0.40

Specific detectivity, D* cm,-Az AW 5 X 1010

System spectral NEP. NEP W/i/Hz 10-12

"Total system gain. G (-) 1.0

Excess noise figure. " -).(

Active area mm2  0.25
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2.4.7 Other Detector3

BACKSCAT Version 4.(0 is able to accommodate any detector that users wish to supply
to the program. Depending on how the detector is described. tnere are four or seven required
inputs. These inputs are essentially the samc: parameters that are used by the built-in detectors,
including the detector quantum cfficiencv. gain, and excess noise figure. Additionallv, users must
specify either the spectral NTEP or four other noise parameters including the 1) anode dark
current. 2) load resistor, 2) effective load temperature- and 4) all other amplifier noise currents.

2.5 Addition of Water Clouds

A new feature in BACKSCAT Version 4.0 is the abilitv to include water clouds in a hilar
simulaton. Although the existing user-defined aerosol option can be used to represent a water
cloud, this oew feature allows users to "chck on" a water cloud as a built-in model in the
Atmosphenc Conditions Submenu. Technical documentation for the water cloud feature is givern
in the follov'ing sections. A descrp:ion of how to access water clouds in BACKSCAT's menu
interface is given in Section ý..t.3.5.

2.5.1 Physical and Optical Properties of Water Clouds in BACKSCAT Version 4.0

The five rpes of water clouds in BACKSCAT Version 4.() are cumulus. altostratus.
stratus. stratocumulus. and nimbostratus. To describe the properties of the cloud laver, users
specify the cloud type, base altitude. cloud thickness. and the e::tincL'on coefficient at 0.55 jtm.
The units and limits for the input parameters are given in Table 8. Table 9 shows default vaiues
for each type of water cloud. In Table 9. the cloud bases and thicknesses are consistent with those
in LONWTRAN7.4 The extinction coefficients and corresponding number densities are taken from
Shettle.'

During a BACKSCAT simulation. the cloud extinction, scatternng, and absorption
coefficien-s at the lidar wavelength are obtained by means of wavelength scaling factors from
LOWTRAN7 for each water cloud type. For reference, Figure 6 shows cloud extinction
coefficients as a function )f wavelenigh for the five water clouds. As required for cloud
hackscatterini! coefficients. ioud back~scatternng phase functions in BACKSCAT were calculated
using the Henvey-Greenstein relationship. which is consistent with the approach used by
LOWTRAN7. Users should note that the Henyey-Greenstein phase function relationship is an

Kneizys, F.X., Shettle, E.P., Abreu. L.W., Chetwwyd. J.H.. Anderson. G.P.. Gallery. W.O.,
Selbv, J.EA. and Clough. S.A. 1988) Users Guide to LOWTRAN7. Air Force Geophysics
Laboratory. Hanscom AFB. MA. AFGL-TR-88-0177. (ADAi'06773).

Shettle. EP. 11989) "Models of Aerosols. Clouds, and Precipitation for Atmospheric
Propagation Studies." Proceedings of the AGARD 4 5 th Symposium of the Electromagnetic
Wave Propagation Panel on Atmospheric Propagation in the II,. Visible, IR. and ,nm-Wave
Region and Related Systems Aspects. Copenhagen. Denmark, 9-13 October 1989.
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Sapproximauon and it fails to predict unique anguiar scattering ti aitures. such as the glory
phenomenon in the backscattering direction.

When a water cloud is used in a BACKSCAT simulation. the altitudes of the cloud base
and top ar,-. inserted into the height grid that describes the aerosol ;-nd molecular profiles;. After
calculating background aerosol properties for the cloud base and top, BACKSCAT adds the
Jou,.' attenuation coefficients to the background aerosol coefficients for every altitude within the
cloud layer. Note that BACKSCAT assumes the attenuation and backscattering properties of
water clouds to be constant throughout the cloud layer. This modeling approach differs slightly
from that used by LOWTRAN7 which adopts "transition zones" at the. cloud base and top.

Table 8. Units and Limits of Input Parameters for Water Clouds. BACKSCAT's menu interface
issues warning messages when users specify values that are out of bounds

INPUT
PARAMETER UNITS LIMITS/CHOICES
Cloud Type Cumulus

Altostratus
Stratus
Stratocumulus
Nimbo-stratus

Base Altitude km 0.0 < Zbate < 10.0 &

< Height of Troposphere
Cloud Thickness In 0.0 < Az < 10.0
Extinction Coefficient at 0.55 .ti km 1 1"Xt > 0.0

Table 9 Default Properties of Water Clouds in BACKSCAT Version 4.0. Constant cloud
extinction is assumed throughout the cloud layer. In BACKSCAT's menu interface, users can
overrde the cloud type, base altitude, cloud thickness. and extinction coefficient at 0.55 ýtm. The
corresponding particle number densities are shown for reference purposes

BASE CLOUD EXTINCTION NUMBER
CLOUD ALTITUDE THICKNESS AT 0.55 •tm DENSITY
TYPE (kin) (km) (km" 1) (cm"3 )

Cumulus 0.66 2.34 130.8 250
Altostratus 2.40 0.60 91.04 400

Stratus 0.33 0.67 55.18 250
Stratocumulus 0 66 1.34 35.65 250
Nimbostratus 0.16 0.5(0 87.08 200
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Figure 6. Extinction Coetficient as a Function of Wavelcngth for Fivt, Water Clouds in
BACKSCAT Version 4.0. The curves are normalized according to the default extinction
coefficient at 0.55 ý.in (see Table 9)

2.5.2 Integration Scheme Near the Cloud Boundaries

Users who compare lidar simulations with and without clouds may notice slight
differences in the optical depths and lidar returns before the beam encounters the nearest cloud
boundary. especially when the cloud top and base do not fall on a height grid point for the aerosol
and molecular profiles. These differences are due to the treatment of the background aerosol
when lidar returns are evaluated along the lidar integration grid. (Recall that lidar returns are
evaluated at range increments defined by the lidar pulse duration, plus they are evaluated at the
boundaries of water clouds, cirrus clouds, and user-defined aerosol layers.) To help explain this,
Figure 7 shows the general integration scheme for an arbitrary cloud layer. When no cloud is
included, the assumed aerosol P•xtinction is calculated by means of linear interpolation on the
background aerosol grid (i.e., the "*" points). When a cloud is included, however, linear
interpolation is not appropriate between background aerosol grid points and cloud boundaries
because the cloud boundaries mark sharp changes in the aerosol extinction. Thus for range bins
between a cloud boundary and the next background aerosol grid point (outside the cloud), the
assumed aerosol extinction equals the next background aerosol grid point.

22



***R* Background Aerosol Grid
- ------ Assumed Extinction Integration Grid

Along Lldor Grid
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Aerosol Extinction Coefficient

Figure 7. Assumed Aerosol Extinction in PACKSCAT Version 4.0 When an Arbitrary C -d
Layer Is Included in a Lidar Simulation. In this case, a ground-based lidar is fooking
straightupward. Lidar returns are calculated along Lie integration grid, plus they are calculated at
"the cloud base and top. The cloud layer extinction decreases slightly because it equals the
(constant) cloud extinction plus the (smaller) background aerosol extinction which decreases
slightly with altitude

2.6 Treatment of Molecular Absorption

Most laser lines are affected by mclecular absorption to some extent s-imewhere in the
atmosphere To aid users in their lidar simulation studies. BACKSCAT Version 4.0 contains an
auxiliary package named mabs that estimates molecular absorption as a function of altitude for a
particular wavelength. Users can instruct mabs to calculate molecuiar absorption for a model
atmosphere or a user-defined atmosphere. The results from mabs are molecular absorption
coefficients that correspond to I kmn horizokital (constant pressure) paths at incremental altitudes.
The output file from mabs is formatted such that it can be directly used in BACKSCAT
simulatiors. Examples of the input and output files for mabs are described in Appendix A-

The mabs package was derived from LOWTRAN71 4 which has a fixed spectral resolution
of 20 cm- 1. To be consistent with the finest spectral grid in LOWTRAN7, the output from mabs
corresponds to the frequency given by the nearest integer multiple of 5 cm-1. Although
MODTRAN"6 would have provided more accurate estimates of molecular absorption. it would
have demanded higher storage requirements and limited the portability of the full BACKSCAT
package. To reduce the executable size, the standard LOWTRAN7 molecular absorption

16 Berk, A., Bernstein. L.S., and Robertson. D.C. (1989) MODTRAN: A Moderate Resolution

Model for LOWTRAN7. Air Force Geophysics Laboratory, Hanscom AFB, MA, AFGL-TR-
89-0122, (ADA214337).
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parameters now reside in an external data file named molecule.abs which is included with the
Mnts package.

Since it is based on LOWTRAN7. users must recognize the limitations of mabs and
interpret itu results only aw estimates of the true molecular absorption. In many cases, for example,

the spectral resolution of mabs output will not match the lidar's spectral resolution. To

Sdemonstrate this, Figure 8 shows the wavelength resolution that corresponds to a fixed

vwavenumber resolution of 20 cm- 1. The wavelength and wavenumber resoiution are relatc I as

AI ,= -A.v/v- (35)

where /" and v are wavelength and wavenumber respectively. Figure 8 indicates that for

wavelengths beyond 10 41m, the spectral resolution of mabs exceeds that of most lidars. Thus.

mabs does not account for many absorption lines beyond 10 4-m. although it will predict the main

absorption features and trends. For more accurate predictions of molecular absorption. users must

resort to computer programs that performn line-by-line calculations, such as FASCODE.'1

ED l
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Figure 8. Wavelength Resolution for a Fixed Wavenumber Resolution of 20 cm1

"Clough. S.A., Kneizys, F.X., Shettle, E.P.. and ý.nderson, G.P. (1986) "Atmospheic Radiance

and Transmittance: 17ASCODE 2". Proc. o f the Sixth Conference on Atmospheric Radiation,

Williamsburg. VA. American M1eteorological Society, Boston. MA. 141-144.
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3 SAMPLE APPLICATIONS OF THE SNR PERFORMANCE MODELS

This chapter gives sample results fromn the SNRI performance models in BACKSCAT
Version 4.0. First. the pertormance of an APD detector is compared against a PMT-VIS (R636)
detector using the relations for an :-ierosol backscatter (i.e., direct detection) system. Second,
sample Iesults are given for a CO, coherent D,ýppler system.

3.1 Comparison of APD and PMT-VIS (R636) Detectors

3.1.1 Simuia•ion Conditions

In this scenario for an aerosol backscatter system. the lidar system parameters and viewing
conditions are representative of a typical lidar scenario. The lidar is ground-based and directed
"•0' off the horizon. Nighttime operation is assumed, so the background radiance is set to zero.

The transmitter has a 90% optical efficiency and makes use of a 0.85 ptm pulsed laser diode
having 1(X) mJ per pul-e and a pulse length of 70 ns. The receiver has an optical efficiency of 80%
and a field-of-view of 300 4rad. The outer aperture of the transmiitter/receiver system has a
diamreter of 50 cm with no obscuration.

The default atmospheric conditions in BACKSCAT Version 4.0 are used for this study.
Specifically. the moleculai profile corresponds to the tropical model atmosphere. In the boundary
layer. the aerosol type is rural. the surface visibility is 23 km, and the surface relative humidity is
701%. Above the boundary layer, the fall/winter aerosol profiles are used and the background
stratospheric aerosol type is adopted. Clear skies are assumed. For reference, the total (aerosol
plus molecular) extinction and backscatter coefficients at 0.85 4m are shown in Figure 9.

3.1.2 Results

SignJl-to-noise ratios with the APD and PMT-VIS (R636) detectors are shown in
Figure 10. Figure 10 indicates that the APD detctor is better able to detect the aerosols because
its quantum efficiency is an order of magnitude greater than ihe PMT detector (see Tables 3
and 5) and its amplifier noise sources are re'atively small. Thus, the APD detector gives greater
detectimn capability at this w-avelength and power. Because signal-to-noise ratios are higher with
the APD detector, the ability to locate aerosol features is also better. For the current viewing
scenario, Figure II indicates that range inaccuracies for the PMT detector are excessively large at
ranges beyond 10 kmn. but they remain acceptable for the APD detector system. Note that the
range resolution of the lidar system is about 10.5 m.
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Figure 9. Protiles of tbie Total (Aerosol Plus Molecular) Extinction and Backscatter Coefficients

at 0.85 4am To Be U :sed in the Comparison of APD and PMT-VIS (R636) Detectors
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Fi2ure 10. Siunal-to-Noise Ratios V\ersus Range and Altitude for APD and PMT-VIS Detectors
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Figure 11. Range Accuracies Versus Range and Altitude for APD and PMT-VIS Detector
Systems

3.2 Airborne Coherent Doppler System

3.2.1 Simulation Conditions

In this simulation for a coherent Doppler system. an airborne lidar is situated at 15 km and
directed 20' below horizontal. For wind field considerations. the lidar azimuth is 270' (i.e., facing
due. west). Nighttime operation is assumed, so the background radiance is set to zero. The
transmitter has a 90% optical efficiency and makes use of a 10.6 pLm CO2 pulsed laser diode
having I J per pulse with a pulse length of 70 ns. The receiver has an optical efficiency of 80%
and a field-of-view of 300 Wad. The outer aperture of the transmitter/receiver colinear system has
a diameter of 50 cm with no obscuration. Finally, the built-in HgCdTe photovoltaic detector is
used in the simulation.

In this simulation, the state of the atmosphere is characterized by Subarctic winter
conditions. The built-in wind field profile for Subarctic winter conditions provides large radial
components ftor the wind field because the wind is strong and from the west-northwest. Below
15 kin, molecular scattering conaributions are generally small at 10.6 pLm. Other atmospheric
pararnmeters are set to the default values.
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3.2.2 Results

Signal-to-noise ratios as a function of altitude and range are shown in Figure 12. The
signal-to-noise ratios decrease initially, but then increase as the lidar beam encounters more
aerosol in the lower atmosphere. Figure 13 shows the range accuracy as a function of range and
altitude. The systems's ran2e resolution equals 10.5 m. Figure 14 shows the wind speed accuracy
and wind speed along the lidar line-of-sight. Note that the wind speed accuracy has nothing to do
with the actual wind field and the wind speed resolution of the system equals 75.7 m/s. For this
scenario. Figure 14 indicates that even though winds are stronger in the middle atmosphere, more
accurate measurements of wind speeds are nearer the ground where the signal-to-noise is larger.

Lidar Altitude ý Coherent Doppler Lidar
I J/pulse
X = 10.6 anm
t =70 ns
d =50 CM

0

0 10 I

Z

0

0
- Lidar Altitude = 15 km

Cn Range -20' Elevation Angle
.1 Altitude Nighttime

,I I I I I 1 1 1 - 1-j -' 1 iilj... J , I , 1.j.
0 5 10 15 20 25 30 35 40 45

Range/Altitude (km)

Figure 12. Signal-to-Noise Ratios Versus Range and Altitude for an Airborne Coherent Doppler
System
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System
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4 OVERVIEW OF THE BACKSCAT VERSION 4.0 SOFTWARE

BACKSCAT Version 4.0 is written in C and FORTRAN 77. The menu interface system
uses MicrosoftT' C Version 6.0 and GreenLeafrM DataWindows Version 3.0 to create the data
entry, menus and to view the results of a simulation. The menu interface system can be used with
or without a mouse. The 'science" portions of the code use MicrosoftTM FORTRAN 77
Version 5.1 and are compiled as protected-mode programs because new features have caused
BACKSCAT to encroach on the 640 Kbyte memory barrier imposed by MS-DOS. To execute the
protected-mode programs from the menu interface system. they have been binded with the Phar
Lap 286/DOS-ExtenderTM Run Time Kit (RTK). From Lhe viewpoint of the user. this solution to
the memory problem does not alter the flow of execution of BACKSCAT. However, users who
wish to recompile backscat.exe or usraer.exe must have the Phar Lap 286/DOS-ExtenderTM Run
Time Kit (RTK) ani bind it with the protected-mode programs.

Although BACKSCAT Version 4.0 is designed to run on an IBM PC. Lhe sciendfic
portions of the code are not IBM PC-specific. This portion of the code can be run without the
menu interface system provided the user inputs the required files. This feature allows the science
portion of the code to be run on other computer platforms or in batch mode.

4.1 Computer Requirements

The executable. source, and data files for BACKSCAT Version 4.0 occupy about
2.85 Mbytes A hard disk is recommended, but the code can be run without one. BACKSCAT
can be used with either color or monochrome dis•pJhys. and on systems with or without a tloairng
point processor.

BACKSCAT Version 4.0 has been tested on both 386 and 486 PCs. In these tests. the
available RAM was about 530 Kbytes and 500 Kbytes, respectively, for the 386 and 486
machines. If problems arise, such as th(- computer "locking up". che:,k the amount of available
RAM. Try to remove any memory resident resident programs that are not absolutely needed.

BACKSCAT Version 4.0 should be run without entering MS Windows (i.e.- boot-up to
the DOS prompt and then run BACKSCAT.) The code might rin under a MS Windows DOS
window with the excepion of its grn phics routines, but this has not been tested and r-t
recommended. Additonally, the graphics routines may not exerute normally if they are used after
a MS Windows session. If this problem c,:curs. it is recommended that the user reboot the
computer and try running BACKSCAT again.

4.2 Installing the Pro-ram

There awe three distnbution diskettes for BACKSCAT Ver:;ion 4.0. The di:ýkcttes have
three subuirectories. data. exec, and source, which contimn the data files required to run the code.
the executable files, and the source code, respectively. The first diskette also contains readre and
qup)atc's Li es which describes the contents of the diskettes in m)re (detail.

"The simplest way to install BACKSCAT Version 4.0 is to use the three rudimentary
installatio :r,:npts that accompany the package. The first installation script sets up the
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BACKSCAT executabie directory and files, while the second zets up the data and source
directories and files. The third installation script installs the stanid-a-olle program mabs.

To install BACKSCAT in the default directory location (c.'\bscat). inrier distribution
disk 1 into a floppy disk drive. Type b: (or a:,) and press RETURN. Then type insta/ll and press
RETURN. After disk 1 is installed, insert distribution disk 2 into the same floppy disk drive, type
i.nstail2. and press RETURN. After disk 2 is installed, insert distributio, disk 3 into the same
floppy disk drive, type install3, and press RETURN. Each installation script allows ihe user to
quit the installation at the start.

7To install BACKSCAT Version 4.0 in a directory location other than the default (for
example. c:\bscarv4_0), insert distribution disk 1 into a floppy disk drive. Type b. (or a:) and
press RETURN. Then type installi c.'Vbcatv4_O and press RETURN. After disk 1 is installed,
insert distribution disk 2 into the same floppy disk drive. type insta112 c.Ascan,4_O, and press
RETURN. After disk 2 is installed, insert dismbution disk 3 into the same floppy disk drive, type
install3 cAbscat,40, and press RETURN. To account for a non-default diiectory location,
modifications are automatically made to the batch file back bat which runs BACKSCAT's menu
interface system. Note that when a root installation location directory is more than one level deep
(for example. cA.evellVevet2l.bscat), all the directories in the hierarchy (c:Vevell and
L.VeveIlVeve12) must exist before iistallation.

In addition to starting the menu interface system for BACKSCAT Version 4.0. the batch
file back.bat sets up environment variables that define the paths to BACKSCAT data files and
executable code. An example back-bat file is s'-.wn in Figure 15. When the rudimentary
installatioi! scripts are used io install BACKSCAT, they automatically make the appropriate
changes to back.bat. However. if the BACKSCAT directories are moved from the installation
directory location, back-bat must be changed so it defines the appropriate installation paths. Use a
s~andard text editor to ;et the envircnrnent variable "BSCATEXE" to the f Al path where the
executable tiles reside and to set the environment variable "BSCAIDATA" to the full path where
the data files reside. Note that both path names must end with a trailing "'V'. Save the changes to
the batch file back.bat and place ,he batch file within the current search path.

echc off
set B SCATEXE---CA:3SCATýEXEC\
set BSCA,'TDATA---C:BSCAT\DATA\
%BSCATEXE%backrienu

-- igure 15. Sample Batch File, back.bat, Used to Execute BACKSCA T Version 4.0

Table 10 lists the files that are required to run BA.CKSCAT Version 4.0. Note that the file
modern.fon mitust be in the user's cunrent directory The exec subdirectory on the distribution
diskettes also contains bscatv,4. * files whiich are a sei.'s of data files containing sample input and
output data.
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TFable 10. Files Required to Use BACKSCAT Version 4.0. The code makes use of other files, but
they,' are optional, see Appendix A

FILENAME DESCRIPTION
Batch Files

back.bat Executes BACKSCAT via the menu interface system
Program Files

bcckmenu.exe Menu interface system
quikview. exe "Quick View" graphics program
radio.exe Radiosonde data entry program
run Iile. exe Interface between menus and scientific programs
usraer. exe User-defined aerosol layer program (protected-mode)
backscat.exe Lidar backscatter solution program (protected-mode)
mob~s.exe Auxiliary program for molecular absorption
mabs.in Sample input file for the molecular absorption p.ickage

Data files

stanaard.scl Built-in aerosol extinction profiles
models.aer Wavelength scaling factors for built-in aerosols/clouds
models. ram Built-in constituent profiles for Raman molecules
models. wnd Built-in wind profiles
indexof'ref Refractive indices for six built-in aerosols
molecule.abs Database of molecular absorption parameters

Miscellaneous Files
modern.fon Font file required for graphics

4.3 Starting the Program

To start BACKSCAT Version 4.0. users execute the batch file back.bat by simply typing
back at the main command prompt aid hitting RETURN. (The batch file back.bat must be in the
search path or in the current directory.) Figure 16 shows the initial screen that is displayed when
entering BACKSCAT Version 4.0. To proceed. hit RETURN. (Note that the terms RETURN
and ENTER are used iaterchangeably throughout this report.)

4.4 Selecting the Type of Lidar Simulation

Figure 17 shows the initial menu to prompt users to select the type of lidar system to be
simulated. Users can select 'in Aerosol Backscatter. Raman. or Coherent Doppler Lidar System.
"To select a lidar system. use the up and dawn cursor control key.; or a mouse to move the
highlighted area to the desired system and press RETURN. or type the highlighted letter for the
desired system twice. Once a lidar system is selected. users automatically proceed to the Main
Menu of BACK,"CAT'Version 4.0.
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•€WXCAT - LIBDl Dackcatter Program

Uemsiou 4.0

Deme loped For:
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(617) 377-3810
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Figure 16. Initial Menu When Entering BACKSCAT Version 4.0

sslect Lidar Swe

A.v, KEY= to select, ESC to EXIT.

Figure 17, BACKSCAT Menu for Selecting the Type of Lidar Simulation
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5 MAIN MENU OF BACKSCAT VERSION 4.0

Figure 18 shows the Main Menu of BACKSCAT Version 4.0. In this case. the Main Menushows the default conditions for an aerosol backscatter lidar system. The top half of the MainMenu displays general infornation about the current simulation and the bottom half is a list ofoptions from which the user carn perform different BACKSCAT operations. The user cannotmove the cursor to the top portion of the Main Menu. Rather, the display automatically changeswhen the user performs operations in the bottom half of the Main Menu.

CCoaft ignwtion Conditions: Molecular Absorption Data: M(llt)Lidazr Syste Parameters: Atmospheric Model Parameters:Uiewing Conlditioin: Output Propagation Profi le: DEFAULTOtput Log File: DEFAULT User-Defined Aerosol:_.Output Data File: DEFAULT Detector Parameters:

A?)ISPHERIC CONDITIOI:m
Propagation Profile from: BILT-I1 A 5DEW
Rayleigh Scattering Based on. TROPICAL Rtmosphere
User-lef imed Aeroval Lyer Added: HO

Figure 18. BACKSCAT Main Menu for an Aerosoi Backscarter Lidar System

The information in the top portion of the Main Menu can be subdivided into three parts:
(I) the type of lidar system. (2) file names to be accessed, and (3) a summary of the atmosphericconditions. The type of lidar system is always shown on the top line of the Main Menu. The filenames to be accessed in the current simulation are displayed in two columns. Appendix A gives a
detailed description of the file contents. Appendix A also lists the default data files supplied with
the code.The box in the bottom portion of the Main M enu lists the available BACKSCAT options.To select an option, use the up and down cursor control keys or a mouse to move the highlighted

area to the desired option and press RETURN, or type the highlighted letter for the desired optiontwice. Figure 19 outlines the parameters that are specified within each Main Menu option. Theremainder of this chapter gives a Users Guide for many of the Main Menu options. Some options
are more involved and addressed separately in subsequent chapters.
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BACKSCAT VERSION 4.0
MENU INTERFACE SYSTEM

CHANGE ALES TO BE USED SAVE CONFIGURATION CONDITIONS
- Configuration File
- Output Log and Data Files
- Molecular Absorption File

DEFINE UDAR SYSTEM PARAMETERS RUN CALCULATIONS
- Pulse Wavelength, Energy, and Duration
- System Optical Efficiencies
- Detector Type

DEFINE VIEWING CONDITIONS VIEW RESULTS
- Lidar Height - Backscattered Return
SViewing Elevation and Azimuth Angles - Signal-to-Noise
-Output Grid for Simulation Results

S............I................................................................................................ 0 . ........... ................................. •...... 6 ........... .......... ............ ..... .......................... D F N T O P E I O D T O SC A G D R S S E
DEFINE ATMOSPHERIC CONDIrnONS CHANGE UDAR SYSTEM

- Aerosol, Molecular, and Wind Profiles - Aerosol Backscatter
- Cloud Properties - Raman Scattering
- Raman Molecule - Coherent Doppler

Figure 19. Schematic Representadon of the Options in BACKSCAT's Menu Interface System

5.1 Changing the Files to be Used in a Simulation

To select this option. use the up and down cursor control keys or a mouse to move the
highlighted area to the line "Change Files to be Used" and press RETURN, or type the letter "F"
twice. A "popup" submenu will appear. as shown in Figure 20, which lists the files that can be
changed. To change the names of one of the listed files, move the highlighted area to the desired
choice and hit RETU-RN. To exit this option without making a change, hit the ESC key. Note that
this submenu does not list the filenames for the lidar system and detector parameters, viewing
conditions, atmospheric model parameters, propagation, molecular profile, and user-defined
aerosol layer. These files are changed from the Main Menu options "Define Lidar System
Parameters", "Define Viewing Conditions" or "Define Atmospheric Conditions".
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BACJCSCAT -- Aerosol Backscatter System
FILES TO BE USED:
Configuration Conditions: Molecular Absorption Data: (NONE)

Lidar System Parameters: Atmospheric Model Parameters:
Vieuing Conditions: Output Propagation Profile: DEFAULT

Output Log File: DEFAULT User-Defined Aerosol:
Output Data File: DEFAULT Detec-tor Paameteps:

ATMOSPHERIC CONDITIONS:
Propagation Profile from: BUILT-IN AEROSOL MODELS
Rayleigh Scattering Based on: TROPICAL Atmosphere
User-Def ined Aerosol Layer Added: NO

I
Change Files to be Used 0-11
Define Lidar System Parameters
Do
De Change Configuration File
Sa Change Output Log File
Ru Change Output Data File
Vi Change Molecular Absorption File
Se

EXIT Program JJ
A,?, RETURN to execute, ESC to Previous Menu.

Figure 20. BACKSCAT Submenu For Changing the File Names in a Simulation

5.1.1 Changing the Configuration File

BACKSCAT allows the user to save all information about a given simulation in a file
called the configuration file. The configuration file contains the file names for lidar system and
detector parameters, viewing conditions and atmospheric model parameters, plus information that
describes the overall simulation conditions including the file names for (optional) molecular
absorption data, simulation !og output, and tabular form of the output for the simulation data.
Configuration files are given the default extension, cfg. A configuration file is not required to run
BACKSCAT, but it is useful if the user is performing similar types of simulations very often.

To enter or change a configuration file name from the submenu in Figure 20. move the
highlighted area to the "Change Configuration File" line and press RETURN, or type the letter
"C" twice. BACKSCAT then displays a "popup" submenu that lists the configuration file names in
the current working directory. Figure 21 shows an example of the "popup" submenu for changing
the configuration file name. To select a configuration file. move the highlighted area to the desired
filename and hit RETURN. To exit the "popup" submenu and not select a new configuration file,
hit the ESC key. If no files exist in the current directory with the .cfg extension, BACKSCAT
alerts the user with a warning message as noted in Figure 22. The user is then returned to the
Main Menu.
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&sCXSCAT -- Aerosol Backscatter System
FILES TO BE USED:
Configuration Conditions: Molecular Absorption Data: (NOME)
Lidar Sgstem Parameters: Atmospheric Model Parameters:

Viewing Conditions: Output Propagation Prof'.le: DEFAULT
Output Log File: DEFAULT User-Defined Aerosol:

Output Data File: DEFAULT Detector Parameters:

ATMOSPHERIC CONDITIONS:
Propagation Profile from: BUiLT-IN AEROSOL MODELS
Rayleigh Scattering Based on: TROPICAL Atmosphere
User-Defined Aero

Select File:
TEST .CFG
DEFAULT .CFG
SHR .CFG

A,V, RETURN to select file, ESC to abort.

Figure 21. BACKSCAT Submenu for Selecting a Configuration File Name

BACXSCAT -- Aerosol Backscatter Sgstem
FILES TO BE USED:
Configuration Conditions: Molecular Absorption Data: (NONE)
Lidar System Parameters: Atmospheric Model Parameters:

Viewing Condit.ons: Output Propagation Profile: DEFAULT
Output Log File: DEFAULT User-Defined Aerosol:

Output Data File: DEFAULT Ivtector Parameters:

ATML*ýPHERIC CONDITIONS:
Propagation Profile from: BUILT-IN AEROSOL MODELS
Rayleigh Scattering Based on: TROPICAL Atmosphere
User-Defined Aerosol Layer Added: NO

No files exist with the extension '.CFG'

Press ANY KEY to continue ...

A,Y, RETURN to select file, ESC to abort.

Figure 22. Warning Message Displayed by BACKSCAT if No Configuration Files Exist in the
Current Working Directory
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55.1.2 Change Output Log File

BACKSCAT keeps a detailed log of the calculations being made and writes this
information to a log file. This fil.e lists ý,,l of the input parameters for the simulation, components
of the propagation profile, and output from the lidar simulation. The default name of the log file is
default and the default extension is .log. An example of a log file is given in Avpendix A.

To change the name of the output log file, move the highlighted area on the submenu in
Figure 20 to the "Change Output Log File" line and press RETURN, or type the letter "L" twice.
The code provides a "pop-p" submenu in which the user can enter the output log file name, as
shown in Figure 23. Type in a name of eight characters or less and hit RETURN. (The extension
in brackets is not typed by the user, but it is supplied internally by the code.) Note that
BACKSCAT does not check to see if the name is already in use.

BACKSCAT -- Aerosol Backscatter System
FILES TO BE USED:
Configuration Conditions: Molecular Absorption Data: (NONE)
Lidar System Parameter-s : Atmospheric Model Parameters:

Viewing Conditions: Output Propagation Prof ile: DEFAULT
Output Log File: DEFAUL7 User-Defined Aerosol:

Output Data File: DEFAULT Detector Parameters:

nTMOSPHERIC CONDITIONS:
Propagation Profile rrom: BUILT-IN AEROSOL MODELS
Rayleigh Scattering Based on: TROPICAL Atmosphere
User-Def ined Aerosol Ltyer Added: NOU

lFile Name Ent.-

e uI ::DEAL. .1

Enter Filename for Current Simsiation

Figure 23. BACKSCAT Submenu for Entering an Output Log File Name

5.1.3 Change Output Data File

"The output data file contains the results for the current BACKSCAT simulation. It is
similar to the log file output except it does not contain the input parameters and information about
the propagation profile. Tlae results are provided in a tabular form for use with off-line analysis
and graphics programs. Depending on the type of lidar system, the output data file consists of
seven or nine columns of data:
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Column 1: Ranee (kmn
Column 2: Altitude ik-m NIS1.
Column 3: Optical Depth -
Column 4: L idar Return i \att)
Column 5: Range Independent Lidar Return (Watt in2 )

(equals lidar return multiplied by the square ot the range)
Column 6: Range Accurajc% (m
Column 7: Si~nal-to-Noise-
Columnn 8: Radial Wind Speed AlonLr Lidar Lire-of-Sight (rn/s. kts. or mph)
Column 9: Wind Speed Accuracy (mi/s. '&-s. or mrph)

where Columns 8 and 9 aire only included for coherent Doppler lidar systems and the wind speed
units are set by the user. BACKSCAT assig!ns a default name of default and the default e-.:tension
is .dat. An example of the output data tile is given in Appendix A.

To change the namne ot the output data tile from the subinenu in Figure 20. move the
high~lihted area to the "Change Output Data File' linie and press RETURN. or type the letter "D"~
twice. The code provides a 'pOPUP ŽSUbmenu in which the user can enter the output data fide
name, as shown in Fi gure 24. T. pe in a na.me of eight charac!ters or less and hit RETURN, (The
extension in brackets is not t ' ped by the user. but it is supplied interrnally by the code.)
BACKSC,:J does not check to See It the name is already in use.

BACKSCAT -- Aerosol Backscatter System__
FILES TO BE USED:
Configuration Conditions: Molecular Abso~rption Data: (HOME)
Lidar System Parameters: Atmospheric Model Parameters:

IIieicing Conditions; Output Propagation Profile: DEFAULT
Output Log File: DEFAULT User-Defined Aerosol:

Output Data File: DEFAULT Detector Parameters:

ATMOSPHERIC CONDITIONS:
Propagation Profile from. BUILT-IN AEROSOL MODELS
Rayleigh Scattering based on: TROPICAL Atmosphere
User-Defined Aerosol Layer Added: NO

File Name Entry7

L"ntei' Filename for Current Simulation

[Fiý_,urc 2.4. IACKSCAT SubhMenLI tor Entennii' an Output Data File Name
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5.1.4 Change Molecular Absorption File

This optional file c',)ntains molecular absorption data to be used in a simulation. It cannot
be used % hen the Utser has se!ected the Raman lidar systern option (see Section 5.5). The
molecular absorption data file can be generated by the muabs package (r it can be created off-line
by the user in the required format. The format is described in Appendix A. Molecular absorption
tiles are given the default extension..r{'.

To sjtcct this option from the submenu in Figure 20. move the highlighted area to the
"Change Molecular Absorption File" line and press RETURN. or type the lette" "M" twice. The
code will display a "popup" submenu that lists the names of molecular absorption files M the
current working directory, as shown in Figure 25. Move the highlighted area to the desired
molecular absorption file name and hit RETURN. If no tiles exist with the res extension.
BACKSCAT alerts users with a waming mes;sae shown in Figure 26. The user is then returned
to the Main Menu.

5.2 Save Configuration Conditions

7T1is Main Menu option saves the contiguration conditions for the current simulation to a
coniguration file. To save the contiguration conditi-ns, move the cursor on the Main Menu to the
"Save Contiguration Conditions line and press RETURN. or type the letter "S" twice.
BACKSCAT then displays a 'popup' suLbmenu in which the user can enter the configuration file
name. as shown in Figure 27. The code wýill display der(ault or current config.uration file name.
T.ype in j new name and press RETURN. (The extension in brackets is not typed by the user. but
ir is supplied intema,.llv by the code.) It the file name already exists. BACKSCAT wams the user
that the cnt'iguration tile will bc ,verwritten. BACKSCAF then asks the user it overwriting the
file is acceptable. To overwrite the configuration file. press RETURN. or type "Y" and RETURN.
TIo( abort tne operation. type "N" and RETURN.

5.3 Run Calculations

This Main Menu option pertoinls a lidar simulation. 'To perform the simulation. move the
highlighted area on the Main Menu to the 'Run Calculatons" line and press RETURN. or type the
letter "R" twice. BACKSCAT then displays a window telling the user that the simulation is bein2
performed. as shown in Figure 2N. Additionaliv. this window displays any errors that occur during
the simulation and it notifies the user when the simulation is complete. To return to the Main
\lenu. hit RETURN. Informnation about the simulation is written to the output ho,,. file (.10g'). This
Iog includes a description ot the input parameters and any warning messages that occurred during
tthe simulation. For ,4t'-liiie raphic.- prouram, the sirnUdation results are stored in the output data
tile
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BACRSCAT -- Aerosol Backscatter System
FILES TO BE USED:
Configuratio Conditions: Molecular Absorption Data: (NONE)
Lidar SysteM Parameters: Atmospheric Model Parameters:

Viewing Conditions: Output Propagation Profile: DEFAULT
Output Log File: DEFAULT User-Defined Aerosol:

Output Data File: DEFAULT Detector Parameters:

ATMOSPHERIC CONDITIONS:
Propagation Profile from: BUILT-IN AEROSOL MODELS
Rayleigh Scattering Based on: TROPICAL Atmosphere
User-Defined 9ero

Select File:
TEST .RES
OZONE ,RES
C02 .RES

A,Y, RETURN to select file, ESC to abort.

Fiure 25. BACKSCAT Submenu for Selectin-z a Molecular Absorption File Name

BACHSCAT -- Aerosol Backscatter System- -

FILES TO BE USED:
Configuration Conditions: Molecular Absorption Data: (HOME)
Lidar System Parameters: Atmospheric Model Parameters:

Viewing Conditions: Output Propagation Profile: DEFAULT
Output Log File: DEFAULT User-Defined Aerosol:

Output Data File: DEFAULT Detector Parameters:

ATMOSPHERIC CONDITIONS:
Propagation Profile from: BUILT-IN AEROSOL MODELS
Rayleigh Scattering Based on: TROPICAL Atmosphere
User-Defined Aerosol Layer Added: NO

No files exist with the extension ' .RES'
Press ANY KEY to continue ...

A,Y, RETURN to select file, ESC to abort.

Fizure 20. \Vaming Nlessae Issued by BACKSCAT it No Molecular Absorption Files Exist i
the Current \\orkine Directory
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BACI{SCAT -- Aerosol Backscatter System
FILES TO BE USED:
Configuration Conditions: Molecular Ab-sorption Data: (NONE)
Lidar System Parameters: Atmospheric Model Parameters:

Viewing Conditions: Output Propagation Profile: DEFAULT
Output Log File: DEFAULT User-Defined Aerosol:

Output Data File: DEFAULT Detector Parameters:

ATMOSPHERIC CONDITIONS:
Propagation Profile from: BUILT-IN AEROSOL MODELS
Rayleigh Scattering Based on: TROPICAL Atmosphere
User-Defined Aerosol Layer Added: NO

Enter Filename (.CFGI:

*Abort Save)

AT, RETURN to execute, ESC to Previous Menu.

FI-ue BACKSCAT Submenu tor Sivinc Cootficurution Conditions to a Cunfi~airation File

PACý"T ~ ~ ftboDitcte - 1% .

-7-.

Fiere 28.\Iesai Dlpia ed~' Ex\t'1nSCTd-U Pohen iSrnkiu by['lorc
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S.4 View Results

This Main Menu option is used to view results from the current simulation. or any
Previously conducted simulation. To create the plots. BACKSCAT accesses data in the output
data tiles (.u/at). In BACKSCAT Version 4.0. the plotting capabilities have been expanded to
include signal-to-noise calculations.

To view the results from a simulatioi. move the highlighted area on the Main Menu to the
'View Results" line and press RETURN. or type the letter "V' twice. Figure 29 shows the View

Results Submenu that appears. Upon ente-ing the View Results Submenu. BACKSCAT displays
the current output data file name. The default values for the lowest and highest altitude/range are
those used in the current simulation. To change the output data file to be plotted, type in a new
file name. To change the lowest or highest altitude/range, move to the given entry and enter the
new valje.

In BACKSCAT Version 4.0. the users has four choices for the type of plot. (I)
backscatter coefficient as a function of altitude: (2) backscatter coefficient as a function of range:
3) signal-to-noise as a function of altitude: or (4) signal-to-noilse as a function of ranze. To select

from the tour options. move the highlighted area to the "Type of Plot" field and hit the Fl key. A
popup menu appears with the tour choices listed. (1) ALTITUDE vs. BACKSCAT'TER: (2)

BACKSCA1TVER vs. RANGE: (3) ALTITUDE vs. SIGNAL-TO-NOISE: and (4) SIGNAL-TO-
NOISE vs. RANGE. as shown in Figure ,(). Use the cursor keys to select the desired plot type
and press RETURN.

BACISCAT -- LIDAR Backscatter Program . . . . --"-.
uick View Parameters "-

File to be Plotted [.DATI: DEFAULT
Type of Plot: ALTITUDE vs. BACKSCATTER

Lowest Altitude/Range: 0.58A
Highest Altitude/Range: 1008.08

V, Ctrl-Enter"Plot Results, ESC=Return c.o Main Menu

F:i'urC 2B t3A(KSC'..\'V Sntb'niim tq- \o\), 11 he Ru'-.UIL, ot aI ,Siilulation
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BACKSCAT -- Aerosol Backscattor System-
uich Vieu Pairamieters=--~--~ ==~ ---

File to be Plotted (.DAT]: DEFAULT
Type of Plot: ALTIT-

Lowest Altitude/Range: O.SO8 Plot Types:
Highest Altitude/Range: 188.8 ALTITUDE vs. BACJ(SCATTER

BACJ<SCATTER vs. RANGE
* ALTITUDE us. SIGNAL-TO-NOISE

SIGNAL-TO-NOISE vs. RANGE

A, , Enter=Accpt Plnt Type

FiLure 30i. BACKSCAT "Popup" Menu tor Selecting the Type ot Plot To Be Viewved

To create the plot, hit the CTRL ENTER keys. A plot similar to Figure 31 will1 appear. Be
awvare that S NR %,due,,, less rh-in MIL are Ilneaniiieless. but numrnwarLýLd' permitted. (Note that the
piot wilnot he created unless the computer system being used has grjphl:,-s capabilities. If' til(-
plot canno'. be cieated. BACK'SCAT .Nsues an error mesý,aLee thiat says it cannot s~i the graphics
mnode correctly. Additionally, the IaNi lbes a., no" plotted unless the font tile tnoadern.fon is
located in the current directory. If axis labels cannot be plotted. BACKSCAT issues an error
mnessage that tclls the se to in';veý this file to the current director-vi Thet user can scale the
altitude or range axils -v hittine the F] key to decieascý the maxrnum altitude/range by a factor of
te"'. or thle [U key t, incrýa-se the mUXIMuIm altitude/rani.e bya t'a(,tor ot' tenl. Thie maximum
ailtitude or range % aluc p.1' tted cannot he- decreased co than the minimum value. and it cannot be

incresedgreater than the maximumn altituic/raw.2t in the results. After viewingthpl.hiES
to return to the View, Resu~lts S'JbMenu~. TO return to the Main Menu. hit ESC ac-ain. T-he user i'S

aiskecd to contirlon the e ito the ivain M enui.

5.i Change Lidar Systemi

-The- LISCr Can SVilýte betwveen aerosol back-scatter. Ranian sca'.terlnL,. and coh!erent Doppler
I~l arSvSte ins. hVs~ct the- option (hr'hanC LidarI SVS'.er-ri ' om the Main M1enu. Aftter the lidar

* \Stern is chanc.-ed. J3ACKSCVF Updates 1h' top portion fJ the 1aill M enu Sý) It dJSJiVsply
untorniation YCIeVleva to tOw chosen lidar .vysteii.

1") chalnlcI JaLLr sv%,iems. uu ye te hi chl h area cn the N lain N entil to the 'Change
1,idar SYstem- line man pres-,s RVI fRN I"'n th1ete7'' 1.'ce iure ~"shovs- thr- -Yoptp-

men Mi r hit ap pear .N Ml~ ; the- hi chic hted areLa it) thle line for r:ie de-sired lidar' s-o,teinl and press
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Iiur. 1 SLI1l 3 at r, I F 1 2 1-t ,-N d, F.tre I ,k su,,S Lill i'2C I'hlJt i ( _LrteJ ni tdhc Viev

I h t \fIt a le I ti 1 e a tI Ifl:" iV I" I I lnaI [I L, iý

FILES TO BE U3ZD:
Configuration Conditions; Molecular Absorption Data; (M[}01E)
Lidar Ss9tem Parameter-s: Atmospheric Model Pa•4meter-s:

Uietiing Conditions: Output Propagation Profile: DEFAULT
Output Log File: DEFAULT User-Defined RAexsol:

Output Data File: DEFAULT Detec..or Pai-a•jters:

ATIMhtSP4EH1i]C CorwITIDMS:
Propagation Profile froom; BUILT-IM AR[OSOL MODELS
Rayleigh Scattering Based on: TROPICAL Atmosplere
User-Def ined Aerosol Layjer Added: M

AP 
W.

A,V, HETLIRUI to execute, ESC to Preulous Menu.

Ii\ KI.I'i ni . i i :t'tr 'j i a ' tt



0 VEFINE LIDAR SYSTEN1 PAR-XNIETERS

The- Main Nenu option '[)(fine Lidar System Parameters" descr"ibes the characteristics of
!'e :ransmitter and recceiver. In BACKSC'AT Version 4.0. additional lidar system paramreters have
r-en added tor the si enal-to-noise calculations. Also. the user mu~st select fýrom tive built-in

Jetectors t be used in the :;imuiationi. or specify the parameters tkor a user-defined detector.

6.1 Entering the Lidar System Parameters Subrnenu

L~idar sysa' m parameters Lire set by select,.n, !he Main Menu option "Define Lidar System
Paramieters". To select this option, move the hiehlighted area to the 'Define Lidar System
Paramnete-rs" lrie anti press kETt'RN. or press the "L" key twice. 'ile Lidar System Parameters
Submt-nu willl appeaLr a~s shown in Ficure 33. The values shown in Figure 33 are the default values
in BACKSCAT Ve-rsioni 4.0. It' the user emrpioys a confieuraflon Jfle that ,ricludes a lidar svYsteni

raraetes fle, the Values In tha t tile wxill jppe-ar instead of' those shown in FHieurc 23 and the file

niame ý iii appear at the top ('I the menu instead of "NONE.'

BgACHSCAT -- Aercsol BacJRscatter' St*'tem-

Lidar System Fi'&; NONE;
RGA4 pap"ameters f rai new File? N

Wavelength (microns;: 0,5,
Pulse Energy. •Joule.,s): 1.E000

Duration of Pulse (usec): 1.8000
Teiescipe Aperfure Diameter (cmi): 108.00
Obscuring Mirror Diameter (cm): 2.0000

Transmitter Optical Efficiency (-:1.0888

AR-ceiu~er Opticai Efficiency - 1.0088
Receiver Field--of-Uiew (urado: 388.80

B'griiind Radiance (U/(m2*sr*tzm)): 8.8888
Spe~ctralI Filter Width (A): H.0960

Detector: F'tlT-V;S (R6~36)

FiLur BCKCA Shmnt fr cfi uiJ' Lia ytmPrmtr h value7 hox are

hC dkf L111l value-s in BACIKSCAT -VOLsior .4.0



6.2 Accessing Lidar System Parameters fromn File

BACKSCAT allowvs lidar system paramneters to be saved in a file arid then eiasily r'ýcalled
into the me-nu Interface systemn. These. fi--es are Liven the det'ault extension. .Idr. and are described
ini Appendix A. The,ý name oi' an existina lid ur systemn parameters tile can be included in the
configuration *ile.

WAhen the Lidar System Parameters Submenu first appears. the user is asked if he or she
Wants to read parameters from an existing lidar system tile. This occurs even if a lidar system
parameters tile was specified by meanis of a conf'i 'uration tile.) If the answer is "Y". the code
displays' a "popup' menu thýat ls the hidar sy~stemn parameter files in the current working
directory. An example is shown 'in Figufe 34. Move the cursor to the desired file name and hi~t
RETURN. The values in the .1dr tile will ceplace those in the Llidar System Parameteýrs Submenu.
To exit this 'gopup" menu and not select a new lidar systrem parameters file, hit ESC. If no files
exist in the current directory with the livr extension. BACKSCAT alerts the user with a warning
and then returns to the. Lidar Systern Parameters, Submenu. If the user chooses not to read in a
new tile by r-,sponding with a 'N" on the Lidar, System Parameters Submenu. the highlighted area
will1 move to the edlit fields for the Vidividual lidar, system parameters.

BACKSCAT -- Aerosol flaclcscat'ter Systo-
Lidar Parameters-

Lidar System File: NONE
Read parameters f'rom nesi File? Y

Wavelength (microns Select File:
Pulse Energy (Jc'ules TEST .LDR

Duration of Pulse (usec
Telesc~ope Aperture Diameter' (r;i): 1808.68

Obscu.i:-iyg Mirror Diameter~ (cm): 2.0000
Tr'ansm~itter Optical Efficiency C-:1.80000

Receiver Optical Efficiercy C-:1.0000
Receiver Field--of-Vieu (urada: 388.88

B'grourid Radiance (W/(mZ-!;r-um)): 0.8000
Spectral Filter Width (A): .0.808

Detector: PMT--VIS (11636)

L .V RETURN to select file, ESC to abort.- __

Fl-uigue 34. BACKSCAT "Popup"' Menu f'or Selecting a Lidar System File

6.3 Editing Individual Lidar System Parameters

To seiectiuvelv modify any or all lidair system parameters. move the hiehli2l~ted area to the
desired parameter (using the up orI down arrow, keys). type in the new value, and hit RETIURN.
f3ACKSCAT %ertrnes that the newk vaiUe. is within the range limits tfor that pairameter. If a new
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\value is not within the range limits. BACKSCAT displays an error message that Lives the
acceptable range for the parameter and then it prompts the user to correct the entry. An example
is shown in Figure 35. For rý,rerence. Table II Lives the valid ranges for the lidar system
parameters. In Table I I, the receiver field-of-view parameter must exceed the diffraction limit of
the receiver optics which equals 4),/JtDR (see Eq. 1 4). It it does not. BACKSCAT automatically
sets the receiver fi iId-ot- view to the diffraction limit and issues a warning message in the log file.

\Vhc-n the user chances; the lidar wavelength. BACKSCAT verifies that the new lidar
wavelength' applies to the current detector in the LWar System Parameters Submenu. If it does
"not. IJACKSCAT intOrms the user that the lidar wavelength cannot be used with the curreat
detector. An example is shown in Fgure 36. Note that BACKSCAT only issues an informative
rnessage. so the user needs to remember to change the type of detector.

6.4 Selecting a Detector

--•he last parameter in the Lidar System Parameters Submenu is used to select the type of
detector for the sinulation. To ,elect a detector, move the highlighted area to the type of detector
edit field and hit the Fl key. A "popup menu will appear as shown in Figure 37. The "popup"
menu contains th. fie built-in detectors and two uscr-defined detectors. The procedures to select
the different detectors are given below.

6.4.1 Built-in Detectors

'To selec! a built-in detector trom the "popup" menu shown in Figure 37. simply move the
highlighted area to the desired buit-in detector and hit RETURN. BACKSCAT then displays the
name of the new detector in the Lidar System Parameter,; Submenu. If the built-in detector does
not apply to the carrent lidar kvavel.neth. BACKSCAT issues an error message that says the user
has selected an invalid detector. An example is shown in Figure 38. The user must then hit any
key to continue and BACKSCAT returns to the "popup" menu for selecting the type of detector.
For reference. Table 12 lists the valid wavelength ranges for the built-in detectors. Note that
BACKSCAT does not permit the user to leave the type of detector edit field unless a user-defined
detector or a valid built-in detector is selected.

6.4.2 Files -,vith Parameters for User-Defined Detectors

"BACKSCAT allows the pa-ame, ters for a user-defined de~ector to be saved in a file and
then easily recalled into the menu intertace system. The name of 'in existing user-defined derector

-ile can he included in the contiguration file or it can be specified in one of two Detector
Paranieters Submenrs (see Sections 6.4.3 and 6.4.;). User-defined detector files are eiven the
default extension..dci. and are described in Appendix A.



BACKSCAT -Aerosol Backscatter System
Lidar Parameters= --

Lidar System File: NONE
Read parameters from new File? N

Wavelength (microns): -9
Pulse Energy (Joules): 1.0080

Duration of Pulse (usec): 1.8880
Telescope Aperture Diameter (cm): 188.60

Obscuring Mirror Diameter (cm): 2.0888
Transmitter Optical Efficiency (-) 1-.00H6

Receiver Optical Efficiency (-): 1.0888
Receiver Field-of-View (urad): 300.80

B'ground Radiance (W/(m2-srum)): 8.8080
Spectral Filter Width (A): 0.8880

Detector: PMT-UIS (R636)

idar Wavelength must be in the range: 8.Z - 48.8 um

Press ANY KEY to continue ...

V, Ctrl-Enter=Accpt Changes, ESC=Quit

Figure 35. Example on an Error Message Issued by BACKSCAT When the User Enters an
Incorrect Value for a Lidar System Parameter

Table 1 1. Lidar System Parameters for BACKSCAT Version 4.0, Units. Default Values. and
Limits. The * denotes new lidar system parameters in BACKSCAT Version 4.0.

LIDAR SYSTEM DEFAULT
PARAMETER UNITS VALUE LIMITS
Wavelength Pim 0.55 0.2-40.0
Pulse energy Joules 1.0 >0.0
Pulse duration ýIsec 1.0 >0.0

•_Range resolution

Telescope aperure diameter cm 100.0 >0.0
>Obscuring mirror diameter

Obscuring mirror diameter cm 2.0 >0.0
<Telescope aperture diameter

Transmitter optical efficiency* (-) 1.0 0.0-1.()
Receiver optical efficiency* (-) 1.0 0.0- 1.(0
Receiver field-ot-view* prad 300.0 >Diffraction limit of receiver

optics
Background radiance* W/(m 2 sr 41m) 0.0 Ž0.0
Spectra! filter width* 0.0 Ž0.0
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BACXSCAT -- Aerosol Bac? scatter System
I Lidar Parameters

Lidar System File: NONE
Read parameters from new File? N

Wavelength (microns): 4.5
Pulse Energy (Joules): 1.8888

Duration of Pulse (usec): 1.8008
Telescope Aperture Diameter (cm): 188.88

Obscuring Mirror Diameter (cm): 2.8080
Transmitter Optical Efficiency -): 1.8088

Receiver Optical Efficiency (-): 1.8880
Receiver Field-of-View (urad): 380.88

B'ground Radiance (U/(m2-sr-um)): 0.00•0
Spectral Filter Width (A): 8.8000

Detector: PMT-VIS (R636)

NOTE: This lidar wavelength does not apply to the chosen detector.
PMT-UIS detector is for wavelengths between 0.18 and 8.90 um.
Press ANY KEY to continue ...

V, Ctrl-Enter=Accpt Changes, ESC:Quit

Figure 36. Example of the Informative Message Issued by BACKSCAT When the User Enters a
Lidar Wavelength That Does Not Apply to the Current Detector

BACXSCAT -- Aerosol Backscatter System
Lidar Parameters----

Lidar System File: NONE
Read parameters from new File? N

Wavelength (microns): .5588
Pulse Energy (Joules); 1.0880

Duration of Pulse (usec): 1.80880
Telescope Aperture Diameter (cm): 188.88

Obscuring Mirror Diameter (cm): 2.0088
Transmitter Optical Efficiency (-): 1.8888

Receiver Optical Efficiern -- I

Receiver Field-of-Uiew Deector Types:
B'ground Radiance (W/(m2-s APD

Spectral Filter Wid Dimpled APD
De PMT-VIS (R636)

PMT-UV (R375)
HgCdTe
Other wu NEP
Other w/o NEP

A, T, Enter=Accept Detector Type

Figure 37. BACKSCAT "Popup' Menu for Selecting the Type of Detector



IACXSCAT -- Aerosol Backscatter System
:Lidar Parameters

Lidar System File: NONE
Read parameters from new File? N

Wavelength (microns): 8.5508
Pulse Energy (Joules): 1.0800

Duration of Pulse (usec): 1.0800
Telescope Aperture Diameter (cm): 100.08

Obscuring Mirror Diameter (cm): 2.8000
Transmitter Optical Efficiency (-): 1.8000

Receiver Optical Efficiency (-): 1.000
Receiver Field-of-View (urad): 300.00

B'ground Radiance (W/(m2ýsrwum)): 0.6000
Spectral Filter Width (A): 0.0008

Detector: PMT-VIS (R636)

Invalid Detector: Dimpled APD detector is for wavelengths from 1.04 to 1.06 Un.
Press ANY KEYS to continue ...

7, Ctrl-Enter=Accpt Changes, ESC=Quit F1=Display Available Detectors

Figure 38. Example of the Error Message Issued by BACKSCAT When the User Selects a Built-
In Detector That Does Not Apply to the Current Lidar Wavelength. Note that the previous
detector remains in the detector edit field until an appropriate detector is selected

Table 12. Wavelength Ranges for Built-In Detectors in BACKSCAT

WAVELENGTH RANGE
DETECTOR (grm)

APD (C30919) 0.45-1.15
Dimpled APD 1.04-1.06
PMT-VIS (R636) 0.18-0.90
PMT-UV (R315) 0.16-0.70
HECdTe 10.6

6.4.3 User-Defined D-atectors with Spectral Noise Equivalent Power

To specify a user-defined detector with the spectral noise equivalent power, move the
highlghted area on the detector "popup" menu (Figure 37) to the "OTHER w/NEP" option and
hit RETURN. The Detector Parameters Submenu will appear as shown in Figure 39. The values
shown in FiEure 39 are the default values in BACKSCAT Version 4.0. If the user employs a
configuration file that includes a user-defined detector file name, the values in that fle will appear
instead of tho--c shown in Figure 39 and the file name will appear at the top of the menu instead of
"NONE.
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BACHSCAT -- Aerosol Baukscatter System~-
rLidar Parame ers=

Lidar System File: NONE
Read parameters from new File? N

Detector Parameters With Sp.ýctral REP
Detector File: NONE

Read parameters from new File? N

Teles Quantum Efficiency (-: .iS46
Obs C..rrent Gain i-: .Be+005

Transmi Detector Excess Noise Factor -)1.28M8

Rece

Re Spectral i4EPj(W/sqrt(Hz)): ti

YCxrl-Enter=Accpt CLanges, ESC=Quit

Fi2ure 39. BACKSCAT Submeriu for Specifying the. Parameters for a User-De"ined Detector
With the Spectral Noise Equivalent Power. The values shown are thle default values in
BACKSCAT Version 4.0

When the Detector Parameters Submtenu first appears. BACKSCAT asks the user if he or
sne wants to read parameters from an existing user-definedc detector file. (This will occur even 'f a
user-defint-d detector tile was specitied by means of a configuration I-ile.) If the answer is "Y".
BAC'KSCAT displays a '.popup .1menu that lists the user-defined detector files in the current
%korklnL2 directory. An example is shown in Figure 40. 'Move the cursor to tile desired file name
and hit RETURN. The values in the .(,er tile %vi' replace those in tile submlenu. (Note that the
spectral NEP is set to 0.0 when the user selects a user-defined detector file that describes a
detector w~ithout the spectral NEP.) To exit the "popup"' menu and niot select, a new user-defined
detector tile. hit ESC. If no tiles exist in thle Curren. directory with the. udet extfension.
BACKSCAT alerts the user with a wamnin 2 me:;sa~e and then returns to the Detector Paramneters
Submenu. If the user choo-e~s not to .'ead a new flie by responding with a "N" on the Detector
Parameters Submenu, the highllighted area 'xill move to the edit, fields for the individual detector
parame te.-s.

To selectixelv modify any or ai' detector parameters. move the highlighted area to the
desired parameter (using thle tip and downi arrow keys). type in the new value. and hit RETURN.
BA)CKSCAT verifies that the new-" value is within the range lim-its for that paramneter. If a new
v-alue is not wvithin tl-iý ranee limits. BACKSCAT displays an error message that gives the.
Lacceptable range for thl2 parameter and then it prompts the user to correct the entry. An example
is showvn In F--i!izure 41. For reference. Table 1 3 lists the valid ran~es for user-defined detectors
wvith the spectrai NEP.



BACISCAT -- Aerosol Backicatter System ..
Lidar Parimeters

Lidar System File: NONE
Read parameters from new File? N

=Detector Parameters With [

DetectGr File: Select File:
Read parameters f TEST DET

-iHEP DET
Teles Quantum E • ONEP DET 46

Ohs cur APD DET +005
Transmi Detector Excess Moi 80

Rece
Re Spectral NEPI(W/sqrt(Hz)): 0

B' gro

&,i , RETURN to select file, ESC to abort. ]
SFig-ure 40. BACKSCAT "Pcpup Mlenu for Selecting a User-Def'ied Detector File

i ACRSCAT -- Aerosol Backscatter System --

Lidar Parameters
Lidar System File: NONE

Read parameters from neu File? N
rDct,jctor Param.eters With Spectral NEP

iOct.ctor File: NONE
Read parameters from new File? N

Teles Quantum Efficiency (-): 3
Ob' Current Gain (-): 1.8e+805

Transmi Detector Excess Noise Factor (-): 1.2880
Rece

Re Spectral NEP (W/sqrt(Hz)): 8

ing for, Quantu'm Efiiny .0-1.0

Press AMY KEY to cortinue ...

V, Ctrl-Enter7Accpt Changes, ESC=Quit

Figlure 41. Example ot an Erroi Message Issued by 3ACKSCAT When the User Enters an
Incorrect Value in the Detector P:irameters Suhmenu



'Fable I,3. Parameters tor a U.ser-Defined Detector With the Spectral Noise Equivalent Power.
U.nits. Default Values, and Limits. Note that the user must input the spectral NEP

DETECTOR DEFA ULT

PARAMETER UNITS VALUE LIMITS

Quantum etticiencv ()0. 1546-2 0.0- 1.0

Current 2ain -)1. 8 x< 105 Ž1.0

Detector excess noise factor -)1.2 >0.0

SPecLral noise equivalent power density (NEP) W/(Hz)'/2 0. 0 .

6.4.4 User-Defiiied Detectors without Spectral Noise Equivalent Power

To specify a user-defined detector without the spectral noise equivalent powver. move the
h]Lehlhhtcd area Con the detector "popup" mevnu (F'.2ure 37) to the 'OTHER w/oNEP' option and
hit RETU!.RN. Th e Detector Parameters Submenu ,011 appear ats shown in Figure 42. (Note that
this subrnenu d;ffers sli~hdv fi-on that snowrn 1i Fizure 39.) The values shown in Figure 42 are the
default values Mi 3ACKSCAT Version 4.0. If the Llse2r employs a configuration file that includes a
user-defined detýcbor filie name, the values in that filc willI appear instead of those shown in
Fil'Jrt 42 and the tile namne will appear at the top of the menu instead of "NONE."

2BGI<SCAT -- Aerosol flackscatter System- --- 1
Lidar Parameters- .___--IK ~Lidar Systemr Fi'e: NON4E
I ~Read pan-ameters from new File? NI

Detector Parameters Withou~t Spectral NEP~ -

Detector File: NONlE
Read parameters from new File? N

Teles Quantum Efficiency 0- .1546
Obs Current Gain (- .8e-005

Transmi Detector Excess Noise Factor () 1.2300
Bece

He Anode Dark Cl~rrent (namp): 0.1000
D'qro Load Resistor (ohm); 50.000

Effective Load Tumperature (M) 308.88
Other Amplif'ier/Detector Noise (namp): 0.0000

V~Ctrl--Enter=Accpt Changes, ESCzQuit

Figure 42. IACKSCAT Subreneu for Specifying, the Parameters fo r a T~reiedDtco
\VvithoL't the Spectral Noise Equ~vaient Power. The values showni are the default values in
BACKSCAT Version 4.0
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WiVen the Detector Parameters Subinenu first appears. BACKSCAT asks the user if he or
she wants to read parameters from an existing user-defined detector file. JThis will occur even if a
iuser-defined detector 1ile was specified by means of a configuration tile.) If the answer is "Y",

BACKSCAT displays . popup" menu simiiar to Figure 40 that lists the user-defined detector
tiles in the current work?-ý- directory. Mo,,e the cursor to 'ie desired file name and hit RETURN.
-The values in the .da,t file will replace those in the submenu. (Note that the anode dark current.
load resistor. effective load temperature, and other amplifier/detector noise c,,rrent are set to 0.0
when the uyer selects a user-defined detector tile that describes a Letector with the spectral NEP.)
To exit the "popup" menu and not select a new user-defined detector file, hit ESC. hf no files exist
in the Lurrent directory with the det extension. BACKSCAY alerts the user with a warning
message and then returns to the Detector Parameters Submenu. If the user chooses not to read a
new fIle b- respondinF! with a "N" on the Detector Parameters Submenu, the higiflighted area will
move to the edit fields for the individcal detector parameters.

To selectively modif, nmy or all detector parameters. move the highlighted area to the
desired parameter uasing the up and down arrow keys). type in the new vaiue. ajid hit RETURN.
BACKSCAT verifies that the new value is within the range limits for that parameter. If a new
value is not within the range limits., BACKSCAT disp!avs an error message similar to Figure 41
that gives the acceptabie range for the parameter and then it prompts one user to correct the entry.
For reference. Table 14 lists the valid ranges for user-defined dete .ors without the spectral NEP.

Table 14. Parameters for a User-Defined Detector Without the Spectral Noise Equivalent Power.
Units. Default Values. and Limits

DETECTOR DEFAULT
PARAMETER UNITS VALUE LIMITS
Quantum efficiency (-) 0.15462 0.0-1.0
Current gain - 1.8 x 105 >1.(0
Detector excess noise factor (-) i.2 >0
Anode dark cuirerit namp 0. 1 Ž0.(
Load resistor ohm 50.0 >6.0
Effective load temperature K 300.0 _>0.0
Other amplifier/aetector noise current namp 0.0 00.0

6.5 Exiting the Lidar System Parameters Submenu

To exit the Lidar System Parameter Submenu and save any change:, miiade to the lidar
system parameters. hit the CTRL.-ENTER keys. BACKSCAT _.,,s the user it he or she wants to
write tle lidar system parameters to a .Idr file. Answer with a "Y" or "N." If the answer is "Y.
the user is prompted for the tile name. The name of the current lidar system file is provided as the
default choice. To use this tile name. press RETURN. BACKSCAT reminds the user that the tfile
ailreadv exists and then asks for confirmation to overwrite it. Answer with a " Y" or 'N." If the



user wants to save the lidar systems parameters to a new .ldr file, type in the new file name and
press RETURN. After the file is saved. the user is returned to the Main Menu.

To return to the Main Menu without saving any, changes made to the lidar system
parameters. hit ESC at any time dunng the editing process. BACKSCAT asks the user to confirm
this operation because any changes to the lidar system parameters are lost. including any new file
read in.

7 DEFINE VIEWING CONDITIONS

The Main Menu option Detine Viewing Conditions" specifies the altitude and viewing
Orientation of the iidar. the range and resolution of the simulation output. and the albedo of the
underiving surface. Note that this option and its accompanying menus are unchanged from
BACKSCAT Version 3.0.

7.1 Entering the Viewing Conditions Submenu

To set the viewing condition parameters, move the highlighted area to the "Define
Viewing Conditions' line on the Main Menu and press RETURN. or press the "C" key twice. The
Viewing Conditions Submenu will appear as shown in Figure 43. The values shown in Figure 43
are the defaukl xalues in BACKSCAF Version 4.0. If the user employs a configuraton file that
includes a viewin2 conditions tile n:ime. the values in that tile will appear instead of those shown
in Figure 43 and the file name w% ill appear at the ýop of the menu instead of "NONE."

7.2 Accessing Viewing Conditions Parameters from File

BACKSCAT allows viewing conditions parameteis to bc saved in a file and then easily
recalled into the menu intertace ý,vster,,. These tiles are given the default extension. .vuw and are
descn bed in detail in Appendix A. Th, name of an existine, viewing conditions tile can be included
in the configuration f1e.

When the Vie ,vin' Conditions Submenu first appears. the user will be asked if he or she
wants to read in parameters trom an exis••nag viewing, conditions file. (This occurs even it a
viewin, conditions file was specified in a user-supplied configuration file.) It the answer is "Y".
the code displays a popup menu that lis,: *he viewing conditions files in the current wo~king
directory. An exmirnple iS shown in Figure 4-4.. Move the ,cur,,or to the desired tile name and hit
RETURN. The values in the .iim rile will replace dhose in the Viewi,'g Coo'}Jtions Submenu. To
exit this "popup" menu and nor ,ulect a new viewing conditions tile. hit ESC. it r., tiles exist in
the current directorv with the iiwv extension. V3ACKSCA'T alerts the user with a \yarning
rnessage. and then returns to the Vie w o g Cnoiditions ,Submenu. If the user chooses nor to read a
new tile by re..ponding with a N' ) the Viewing Conditi] .,s Submeru. the highlighted area will
move to the edit fields Y'r the nrcuj .tl.al viewwin conditions parameter,.

'11 r '1 "I IF4 I• I': ' I !1 1 ' I i i i ; i pr -•i ; • I ---- --



BACKSCAT -- Raman System -
iewing Conditions - -

Viewing Conditions File: NONE
Read parameters from new File? N

Height of Lidar Sensor (km): 0.0080
Elevation Angle (deg): 98.088

Azimuth Angle (deg): 0.8808
Ground Altitude (km): 0.8888Surface Albedo at 0.-500 Un: 0.7580

Farthest Range (km): 108.08
Nearest Range (km): 8.0008

Range Resolution (km): 0.5800

L W, Ctrl-Enter=•ccpt Changes, ESC=Quit

Fl~ure 43. BACKSCAT SLIbMenu tor Specifying the Lidar Viewing Conditons

BACHSCAT -- Raman System- - -- -
iewing Conditions .

Viewing Conditions File: NONERead parameters from new File?Y

Height of' Lidar Sensor (km Select File:
Elevation Angle (deg DEFAULT .VUU

Azimuth Angle (deg VIEWI1 .VUW
Ground Altitude (km VIEW2 .vow

Surface Albedo at 6.5508 n

Farthest Range (km): 108.08
Nearest flange (kma: 8.6080

Range Resolution (km): O.S488

&,, -RETURN to i.elentt f]e, ESC to abort.



7.3 Editing~ Inldividual Viewing Conditions Parameters

'L selectivve1% modify anv or aldl of the viewinla condition parameters. move the highlighted
auren tkeysi.tyeintenwvleadht

a (e : the desited parameter (uigte up or down arrow tp ntenwvle n i
RETUR N BACKS)CAT verifies that the new value is within the range limits for that paramieter. If

nlewk Value 'is not within the raniee limits. BACKSCAT display~s an error message that Lives the
aCCepta'ble range r or the parameter and then it prompts the user to correct the entry. For

tr -c-ence. Table J_ r'.e the valid ranges for the viewing conditions parameters. Note that 'in
Table 15. the altitude of the lidar platform can be above 100 km even though the "top" of the
atmo(sphere is usoa~ll set to l00 km. This feature allows the user to simulate a lidlar on a space
platformn F!or this scenario. BACKSCAT dIoes not attenuate or backscatter the lidar beam
b)etween the top of the atmosphere and 'Lhe lidar platform. but it does adjust the viewingt elevation
an gic to compensate for earth curvature as wellI as Issue a message in the l og file.

TFable 15. \ tewi ng Conditions Parameters for BACKSCAT Versioni 4.0. Units. Default Values.
and Limits

r VIEWING DEFA ULT
PARI-tXMETER UNITS V'ALUE LEMI iTS
Heiiht ot lidar sensor km M4SL 0.( 0 -J
Viewirie elevation anele deLe 90.0) -9') 0 - 90.0

0.0 f) or E~round-based lidar)
VW.-nL, azimuth anzLie degL 0. 0 0 - 360

Ground altitude kmn MSL 0Y 0 ()0 and <ý lidar sensor height
Surface albedo at lidar -().25 .(M) - 110
woave len -th
Fai-thest range tor output krn 100. > 0) and > nearest ranre
NTearest ranL"e for (uutput kml 0.0 > 0 arid < farthest ranee

edý,ý reso!;ation tor out~put kmn 0.5 < farthezst minus nearest range. and
____________________________________________ pulse duration X~ 0. 1498625

7.-4 Exiting C~ie %ivswin2g Conditions Subnientj

To exit thc Vi..'\vine (onditiotIS Sn bmern! and save anyv chang(es made tco the viewingy
omoditions parameriters. hit the CTFRl_.- FNTFR keys. BACKSCAT asks the user it'fihe or she wants
to rite the. C;ei oujd! tions, paranie ters to a i,,vi file. Answe,.r with at "Y" or "N." It the answer

is) ')', the COde p11(-Tr_)tm omshe user t( r- the file :unar9. The namne of the cHITent viewing conditions
t. is 1p, ro '.;I d L.d , .i th 11CC1ft auI t Ch~ 0u 1~ use I(ILl th is V t Ile name p,1i )re ss R; &YTU R N. B3 ACK SCAT re min ds

Ohe use r ihat the !flu alrea.dy cx ist.s aiid then asks o') 'contfirmationu ti) o~rverwte itI. Answer with a
It 01'prmtr to N nef OIL, USF r Lants to) save the vlewilý n Colldito 1spaa.1411' ( n . huv fl. tvue InI

[ICnc-%1-1,,f naie and press, R1'T1_'PN\. :\ttcr 13.CIKSCAI savte.- the ftie. the user is returned to



I1', return to the Main Menu without saving any changes made to the viewing conditions
parameters. hit ESC at any time during the editing process. BACKSCAT asks the user to confirm
this operation because any chances to the viewing conditions parameters are lost. including any
new tile read in.

8 DEFINE ATMOSPHERIC CONDITIONS

The Main Menu option "Define Atmospheric Conditions" defines the atmospheric
conditions for a BACKSCAT simulaton. To select this option. move the highlighted area to the
"Define Atmospheric Conditions line and press RETURN. or press the "A" key twice.

8.1 Overview of the "Define Atmospheric Conditions" Option

In BACKSCAT. the state of the atmosphere is described with a "prepagation profile"
which characterize,- the atmosphere in terms of basic parameters required by the lidar equation.
-he parameter; include p-nftiles ot aerosol and molecular attenuation at the lidar wavelength and.
it :ipplicable. at the Ram, ii '%,avelength. For coherent Doppler simulations, the wind field is also
included. A propagation ,:otile can either be provided by the user as an input file or it can be
calculated by BACKSCA 1* using a built.in library of aerosol. molecular. and wind field models.
For reference. Appendix A contains a description of the propagation profile for each type of lidar
svstem.

In the "Define Atmospheric Conditions' option. the user can select the source of the
propagation profile and based on this selection, specify or change the associated filenames.
modeling options. atmospheric parameters. and other optional features in BACKSCAT. The
layout of the "Define Atmospheric Conditions" option depends on the source ot the propagation
profile (user-defined or built-in models) and the type of lidar being simulated (aerosol backscatter.
Raman scatterin,. or coherent Doppler). An example of an Atmospheric Conditions Submenu bi
,Thown in Figure 45. The top portion o• the submenu Lives general information about the current
atmospheric conditions. The bottom portion of the submenu displays a list of available options.

The following sections describe howk to use the "Define Atmospheric Conditions" option.
For aerosol backscatter and coherent Doppler systems. the layout and flow through the "Define
Atmospheric Conditions" o�ption are the same. except wind field information is added for coherenL

Doppler systems. The available options are s'immarized in 'Table 16. Table t7 summarizes the
available options for Raman scattenng systems.
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Output Propagm-Jon Prof'ile File [.PmL: DEFAL[L
BaglIeigh Scattering Based on. ThRIPICRY. Ataisphere
Useir-Def ined Aerosol Layer Added! FE

C~ai ftoagm k~qý Pif Ie,, boc

Table16 Aailabe Opions n th p\nshericf'"e Conitons Iurnn brAeosl kL eran

ha, e pRETpRN aton protile soucet Ye oPrvos Menu

Chgnre -0.Atospheicatondpoie ileumnuWe the SiuainIsFra Yerso akcte
SvtEr ld teSucit thhrpgto mieI h uilt-in (aerosol) modelsprmtrsYsN

Ta \d10.cAailabe user-defin ted A,;~pecCniin t~nn oerosol layer Yes and

)herent Dopperdeidaro Lider SYes No

ChangitptopaMain o Menu stj,: Yes Y'es
Ouhptnfie ronagtionin propagatfion Nprc )u& bsdufCulti ' d

2: Input Ic, c'OntAiniriLe propayation proi Ic id (ebused in s~imlatinones

i.Wind tield includeod tor coherent Doppler svstemns orly



STable 17. .\vailabl, Options in the Atmospheric Coproitions Submenu for Raman Scattering
Systems

1 BUILTIN USER-SUPPLIED
BACKSCAI OPTION MODELS PROFILE
Change propagation profile source Yes Yes
Change propagation profile file Yes' Yes-
Edit butlt-in (aerosol) model parameters Yes No
Change Rayleigh scatterirng source Yes Yes'
Jnclude Ravleith scatterine Yes Yes
Change molecule to key on Yes Yes
Change molecular concentration source Yes Yes
Change molecular concentration tile Yes' Yes-
Exit to Main Menu Yes Yes

I Output file containing Raman propagation protilc (Rarnan molecular concentration profile,
plu; aerosol and molecular attenuation coefficients)

2: Input file containing Raman molecular concenration profile, and optional aerosol and
molecular attenuation coetfficients

3: Only when input file does not contain aerosol and molecular attenuation coefficient;s

8.2 Atmospheric Conditions Submenu for Aerosol Backscatter and Coherent Doppler
Simulations

In BACKSCAT. the default mode uses built-in models of aerosol. molecular. and wind
profiles as the source of the propagation profile. For these simulations. the Atmospheric
Conditions Submenui for aerosol backscatter systems was shown in Figure 45. Figure 46 shows
the same Atmospheric Conditions Submenu for coherent Doppler systems. Note that the only
difference'i are references to wind field data and the propagation profiles have ,dpf extensions.
When the source of the propagation profile is a user-supplied input file. BACKSCAT diaplays the
Atmosphenc Conditons Submenu shown in Figure 47.

8.2.1 Change Propagation Profile Source

In Figurcs 45 and 46, the first option sets the source of the propagation profi!e. The two
options are the built-in models and a user-supplied input tile. This option can be selected at
anvtilne durinn an editing session. Wvhen this option is selected. BACKSCAT di:{slavs the
"popup' menu shown in Figure 48. To make a selection. move the highlighted area io the desired

choice and press RETU.RN. To return to tne Atmospheric Conditions Submenu without making a
selcction, hit ESC.



P7P.opacq~t or ri'of iIl'e Smircr-: BUILT-Ifl A]MOOLD"XID MODELIS

?&ýiagh Scatter inVWtind Field Bas.ed on: TROcICliL Rtacnsphere
User-Oef ined hernsol 1AW- Ad~d:-

I17

I ,v, BETiB to executevaccept, ESC to Preriaus Menu.
1V!t euLre 4() Atmos~pheric (indilik) IaŽ SLa irnenu IIIe the SjIruLaitia )Il I For a Coh,-rcnt Doppler
S vst(er m and SOhe SI uret týePm` ana Pr1fl ke [:he Built- in Acivsol Mode ls

CUJRRENT ATMOSPHERIC CORDITII(MS
Propagation Profile Source: USER SUPPLIED DATA
Input Propea'~tion Prof ile Fi le I FYLI.: DEFAIJLT
Rayjleigh ScrAtterirug Included

-1 
0

-Av. RETURN tc execute/accept, ESC to Pu-eu bus Mlenu.

I iiC 47 Atmnasjphcrlc ( nditj)I, S1 vahmenu Wheýn the SIml~ation Ls 1-ar anl Aeraso Ra-sak e
Svi~t-m anld thLe Sauna(_" ot OIhaPpaa PPritila~d10l Ism JasrSmlidIrFr

~~~ihn~~LSCerai[)l~ IDsL F1pae a hen ~a ~y



CUAUR1T ATUSHUIC CONDITIOM:
Pr~opagation Profile Source: BUILT-IN1 AEROSOL MODELS
fltnowpheric Model Paraaeeters File [.ATM]:
COztpu* fropagation I'zof ile F~ile c. PFL]. DEFAULT
Rlay heigh Scattering Based on: TROPICAL Atamsphere
USC?-Def med Aerosol Lager _dded: WO

miiiiJH

A~v, pETUMt to execute/accept, ESC to, Frevious Menu.

Figure 48. BACKSCAT "Popup Menu for Changing the Source of a Propagation Protile for
Aerosol Backscatter Sstems. For coherent Doppler systems. the "popup" menu includes
references to wind field dat• l

If the "User Supplied Rata' option is selected. BACKSCAT prompts the user for
propagation profile tile for the simulation. To aid the user. the code displays a "popup" menu that
lists the propagation profile tiles in the current working directory. For aerosol backscatter
systemso these riles have a pfl extension. For coherent Doppler systems, these tiles have a i dpf
rextension. An example is shown in Figure 49. Move the cussor to the desired propagation profile
tile and hit RETURN. (Note that the user must properly format the propagation protile tile, see
Appendix A', To exit this menu and not select a propagation protile file, hit ESC. If no file 'is
selected. BACKSCAT uses the built-in aerosoi models as the source of the propagation profile. V
no propagation profiles exist in the current working directory the code issues a a message
and returns to the Aurospheric Conditions S prbmenu. Here, the built-in aerosol models are used
as the propagation profile source. The top portion of the Atmospheric Conditions Submenu
alwavs displays the current source of the propagation profile.

h3



7CUBJIDPTATISI"HLIC COIYOITIOMS:
Propagation Profile S3ource: BUILT-IN AEROSOL NODEL3
Atmospheric Model Parameters File [.ATM]:
Output Popwati~on Profile File .FLm: DEFAULT
R~ayleigh Scattering Based on: TROPICAL Atmosphere
tiser-Defimed Aerosol Layer Added: lNO

A,?, RIETURN to select file, ESC to abort.

Fig-,ure 49. I3ACKSCAT "OLPopu' NIenu t'or Selecting a Propagation Profile File To Be U~sed inan
.Aerosol B~ickscatter Simulation. For coherent Doppler simulations. the *"popup" menui only lists
files wt ~'tetnin

8.2.2 Chajigte Propagation Profile File

In Figu.res 45ý and 46. the second option changes the propagation profile tile for the
simulation. When the source of' the propagation profile is built-in models, BACKSCAT prompts
the user tf v the output tile name. as shown in Figure 50. In this ca-se, the specified file is where
BACKSCAT writes simulation data. "'hen the source of' the propagation profile 'is a user-
supplied in,,ut file. BACKSCAT display's a 1"popup 1ýmenu that lists the propagation profile files in
thle Current working directory, as previously shown in Figure 49. Mlove the cursor to the desired
propagatioi, profilo file name and hit RETt'RN. In this case. BACKSCAT reAds the propagation
profile fr-om the specified file.

8.2.3 Specify R-vleigh Scatterino/Wind Field

.Althoug2h a p~roper' lidar simulation should Include the- ctt't. Vfci M) m ile iih (i~c..

inoleCcular) Žscattering and backscatternne., it can be "'turned offt' from the Atmospheric (Conditions
,,LUbmenu. lliis feature is helpfi.il t'or research studies in which the user xants to estimate acros;ol
anld molecular cent-hutions to the I idar siena]l .Note, that the t(i p i on oft the .'\tmiospheric

(jjnitins ubmn~iaI\ av dipla> te crrent status of RaN'lih sc,,ilelin!e.



CURREDT ATMOSPHERIC CONDITIOflS:
Propagation Profile Source: BUILT-IN AEROSOL M'OWL
Atmospheric Model Paraimeters File [.ATNJ1:
Output Propagation P.'of lie File (.PYLJ: DEFAULT
Rayjleigh Scattertng Based on. TROPICAL Atmosphere
User-Def ined Aerosol Layer Addeui: Mi

Enter Filename f or Current Simulation

Fig~ure 50. BACKSCAT Prompt for Entering the Output Propagation Profile File Name for
Aerosol Back-scatter Simulations. For coherent Doppler simulations. the output file has a .dpf
exitension

When investigating coherent Doppler systems. care should be exercised when the Rayleigh
backscattering is of the same order as the aerosol backscatter. For a "proper" lidar simulation, the
total extinction should include the absorption and scattering from both the Rayleigh and aerosol
components. However, the return signal power should be calculated using only the aerosol
backscaxtter coefficient. ý, (and not include the Rayleigh backscatter coefficient) because the
Doppler shift from molecules cannot be used to estimate the wind velocity. T1hat is. the molecules
are traveliroz with a mean velocity near the speed of soundi" so the energy from their return is
so~read over a wide spectrum with little energy with each velocity bin.

8.2.3.1 Simulations ivith U'ser-Suppiied Propagation Proriles

When the source of the propagation prof-Ile 'IS a tISer--supplied Input tile. Rayleigh
contributions can bc disab~ed in t%%o wkays. The first w~ay is to supply a propagaition profilte file (a
.pf/ tile or a dpt' filc. dependin! on the type Ot lidar) in which the molecular scatteriniu and
hack-matterini! coefficieni~s equal 0.0'. Trhe second way is to select the ''Include Ray leigh

N Noodv. ').E. (1987) EIvaiuiation or La~ser Technoloi'ies for On-Aircraft Wind Shear

Detection," SPIE Vol. 7;3. p- 1 24.



Lct iiP)ption. as, noreviouslv shcwn In FEl gum -47. Th1is option act0; Lis a toi, ele between
11Inlude and "Dt V0 Icl]CUdc" Ravleich scat ternne. To mnake a chamnee. move the hiczhLhted

10>C: It, the 1CInlueRavli ScaittennL- option and press RETTU.RN. oi- press 'iV" twvice. "\hen
Rav~l., T ctei Is ncluded. I3.A(IKSC:\T INCSs thze protdeCS 4f molecular sýcattering and

h),AcscattcrineL in the u.,,er-su;LppZed propagation pirofile. file. Note that selectinLC "Do Not Include
Ravlec-'iý Sc~atterinn c does not at tect the stativs ti molecular absorption.

8.2.3.2 F)mulations with Built-In Niodzds

When the source oft the- propa gatii n protrile is built-in models, the status and source ot
Ravleig~h ,catterML, i.s chariged with the 'Specify Rayleigh Scattering" option for aerosol
back~scatter simulations see Ficure -45). For coherent Doppler simulations. the optio)n is titled
Specirv Ra\'leiegh ScartenrLr,/Wind Field" (ýee Fig!ure 46). When this option is selected.

I3ACKSCAT displayVs a "popup m nenu where the user defines the status of Ravleich scatterine,. as
'~hwn n Fc-e 1, I_ .\oeth iche ra to the desired status and press RE]jTURN. Lf'

RaYleiLch scatterinl!, i~s included. I3ACKSC.AT dispiav.s a 'popup" menu from wvhich the user selects
the sourFce of Ravlici-h scatterine- (see Ficure 5.The choices for Raveicih scatterin2 arL- built-in
model atmospheres or radiosonde data. Nlove thcý hichllilhted area to the desired selection and hit
RETU'RN Note that tor cohehrent D.oppler simulatiorns wind tield data dwaivs co-nie 'r')m tne

sae ource as the Ra\ lJeigh scatteri[1.

Rayl~eigh Scattering Based on: TROP'ICAL Atmosphere
Uiser-Defined Aerosol Layer Added: N

L.441

Ii c~ur 1. l3A('IKS(CAF''P po eont r 'anCli the Status of Ravlci h Scateren \\,"hen the

bltIn N e~



CVJRE[NT AVhOSJ'IIUC CONDITIGMS:
Propagit ion Prof i le Source: NJUIL.- IM AEROSOL MODELS
Atmospheric Model Parameters File [.Am]I:
rkutput Propagation Profile File [.PFL]: DFfiLILT

I Rayl~eigh Scattering Hased on. THOr ICAL Atmosphere
User-Defined Aerosol Layjer Added: MO

Whe th sorc ofRavei~ Rayleri2ish "Radiosonde Datag.".AKCT sl

popup ~ ~ ~ ~ ~ IDAID meuweeteue utslc neiTngrdonedaateorcaeanw
radisond dat fie, a ~;hwn i~ Fcure53. f th "EistingRaooneDaFi"opons

thgue 5popu menuA to coose aenu o S~elradiosnde ta More crAteosaheew onr Thioone optio

ToBIsdfo Rayeig sal~ucattering isdsb P romfthe. Fpopup moeenu Doplresiouslatshowns inFiue 51
BmCnCu inldeeetrencs to the d Atfipeld Cdatan Sbeuwe tesmluo sfr

aeroso bacther sstem. For covihercaent Dople siRuatiosns, hoaeve.' BACKSCAT displays,

thdiopopup" maaienu praosl shown in FI~ure 52. so" the "'ErlL canspecify thea source forpwiond iel

data.RN Not that sethis "popp mnu not snlue eale cttear~idnde doles not afESCt Ithe sntu ofili
molecular absnorption.xs ntecrrn ietr ih h s xeso. ATrtrst

the "ppup" enu t chooe. anexistoe raiondfierceaealw m.Teptn



3&9~1cigh Scattee1Tlg Based on: ThOFICAL Atumopheze
User-Def ived Foeroso 1 Lager Wd~ed: MO0

kW, RXTMW to exeuteCA-cCep

Fic-ure, 53 BACKSCALT "Popup- Menu for Specifying the Source of Radiosonde Data for a
Simulation. For coherent Doppler- simulations, the wind Field data also Lome from the ;amne
radio.sonde data file

8.2.4 Edibt Atmospheric Mo(del Parameters

T1he user can edit atrnospheric model parame-tors only when the source of thle propa-gation
profile is the built-in models. This option permitis the user to define the aerosol properties for four
latyers of the atmosphere .-nd define the propertie-s of clouds. To select this option f Irom the
Armn-ospheric Conditions SUbmriMU. mov'e the highlighted area to the "Edit Amtosphenic Model
Parameters" line and press RETI *RN. or press the "A" key twice. Be-cause the "Edit Atmospheric
Model Parameters" option iýs lengthV arid popular among, BACKSCAT users. it is discussed in a
separate section (See Section S.

8.2.5 Add/Change a User-Vefined Aerosol Layer

J-his Opti on al!( ws the u Le r told d acusto11miz aerosol layer to) the N111i1 M-i ii rtiI The
user can add r)I clian c a1 L1Ser-defH)ed aeroNol laver onily whcn the Lsource of the propapatiOn"
prLotil(c i, tOic huil t- in mode Is. Tk ,,elect this option from the Atrnospheric (Conditions SUbmenU,
lmove thle hwLhlinchred airea i the 'A dd./Chanwce User- Detined Acro so lLr 1111k ý.Id r
RFTý RN, ()i press ithe A-,` INC v twicex. IEhe tinsei-detiried act osl la\ ecr paýramrncir.s, arce describe d in

moe etail Inn (ihapter- ').



8.2.6 Delete a User-Derined Aerosol Laver

The Lu'er can delet,- a user-detIned uermsol Liver only wkhen the source of the propagation
prot'ile is the built-in models. To delete a us,:r-def'aied aerosoll laver from the current simulation.
mrove tme hi2"ilii~hted ar-ea to the ''Delete User-Defined Aerosol Layer" line of the Atmospheric
Conditions Sobrntnu and press RETURN, or press the "D" key twice. When selected, the user-

Jetine-d aerosol layer vill not be added to the built-in aerosol model profile. The top portion of the
.Atmospheric Conditions Submenu always displays the current status of user-defined aerosol layer.

8.3 Atniospher~c Conditions Submenu for !amarr Scattering Simulations

For Raman scatterln_- simulations. many of the available options in the Atmospheric
Conditions Subnienu depend o)i how the user defines the Raman propagaition profile. In th'
broadest sense. there are three mneurods of defmini'2 the Raman propagation profile in
BACKSCAT \'erilon 4A.0.As sumnmarized in Table 18. the first two methods are essentially the
Nare as those for icrosol back-scatter- and coherent Doppler simulations. (Note that user-supplied
propagation protilc tiles tor Riman lidar- simulations have rtpf Iextensions and contain additional
paramete.rs. seeý Appendix A.) In t'e tnird method. the user can supply :t Rarnan molecullar
once ntrati on profti e in a rpnf tile but still use the built-in models for aerosols and Rayleigh

,scattermng.

Table I M Nethods )f Defining the Raman Propagation Profile for Ramarn Lidar Simulations. The
availablte options in he Atmospheric Conditions Submenu depend on how the Raman propagation
tirofile Is defined

MIETHOD) PROJ ;AAION P.XRANIETrRS Lk_.ED FROM
MNIMIIR I'ROFII .E SOUIRCF I'SER.SPECPFIEI) INPUT F'ILES COMMENTS

I Blill-11 riitLiIck None Ranvim molecular conceinration
.w hilc Is an on put file) ad Ralihsatwprofi les

use saunc built-mn model
;iuinosrPlicer (1-6)

C scr-suppl ed mipt it I il,, Rainim ino lecular coneimIC~ltlion
(rcquires ij 111C) pol~ ile. aecrOSOl tild Rayligh

tinld Ramn~n wvmcleiiLth,.

Bumlt-;!i III ILICI;lidm Rýunnml molccuhl~ k oiiccrii ra1loll Plotille of acrosol anid Ra\ý letmim

lier Nipl inrwi !dIc uieo ;i~o ppenldcd to If'I 11lo



8.3.1 Entering the Atmospheric Conditions Submenu

In BACKSCAT. the defa'lt mode uses built-in mr dels of aeroscl and molecular profiles as
the source of the propagation profile. For Raman scattering simulations, the Atmospheric
Conditions Submei.u contains seven options as shown in Figure 54. From this submenu, the user
can

"" Change molecule to key on
", Change n,)lecular concentration source
"* Change molecular concentration file
"• Change propagation profile source
"* Edit atmospheric model parameters
"* Change Rayleigh scattering source
"* Exit to Main Menu.

When the simulation uses a user-supplied propagation profile tile. the Atmospheric Conditions
Submenu contains six options as shown in Figure 55. From this submenu. the user can

"* Change molecule to key on
"* Chanc molecular coricentratic.i source
"* Chane molecular concentiation tile
"* Change propagation profile source
"* Include Rayleigh ý.cattering
"* Exit to Main Menu.

EACHISCAT -- Raman Sstemn
tmospheric Conditions -

CURRENT ATMOSPHERIC CONDITIONS:
Molecule to Key On: H2

Molecule Concentration Profile Based On: TROPICAL Atmosphere
Outptut flolecular Profile File [.RPFI: DEFAULT

Propagat ion Prof i I c Source: BULT-- IN AEROSOL MODELS
Atmospheric Model Parameters File I.ATMh:
Rayleigh Scattering Included

Change Molecule to Key On
Change Molecular Concentration Source P
Change Molecular Concentration File
Change Propagation Profile Source
Edit Atmospheric Model Parameters
Chanqg' Rayleigh Scattering Source Do
EXIT to Main Menu

A,V, RETURN tc execute/accept, ESC to Prevyou. Menti.

I'l 5- .\miir.iwn, (',Iawi id 15,i Stibhnicntu Whelln Ih,." I I k.h 'n, 1 cjtcrIIIw

System and the S llircc oe the 111V op ,tion P.'t'flk Is OtW BFUiI1 Ill Ner,,s, Nluels



BACSCAT -- Raman System
tmospheric Cond it ions

CURRENT ATMOSPHERIC CONDITIONS:
Molecule to Rey On: NZ

Molecule Concentration Profile Based On: bSER-SUPPLIED DATA
Input Molecular Profile File [.RPFI: DEFAULT

Propagation Profile Source: USER SUPPLIED DATA (DEFAULT.RPF)

Rayleigh Scattering Included

Change Molecule to Rey On
Change Molecular Concenti-ation Source I
Change Molecular Concentration File
Change Propagation Proi'ile Source 0

Change Rayleigh Scattering Source
EXIT to Main Menu

A,V, RETURN to execute/accept, LSC to Previous Menu.

Figure 55. Atmospheric Conditions Submenu When the Simulation ls For a Raman Scattenne
System and the Source of the Propagation Proftle ls a L ser-Supplied Input File

8.3.2 Change MIolecule to Key On

"It, change the mo.lcule to be used In a Raman ,,imulatilm. select the first option 'Chain.c

Molecule to Key On" trom the Atrmosphe n& ("n('i Iti01,, StIbhlenus, E[:LIueCs S4 an 5.
BACKSCAT displays a "popup" menu tron wh.L-. the -,e can seLet troni 'ite meLOule. , a
.howe in Fiwurc 56. The available mole,,:ules arc NV. (()i,. H •(). ()0. and W). Movhethe cL rPr k'

the desired molectue and hit RETURN. To exit thi, popup meInu and not select a molecule, h't
ESC. \ote that the top portion ot the .-\tosilne (l'udunon, .itnmenut al\O..\ s display. theM
current Raman molecule.

8.3.3 C(hang&e NIhAcui r Concentration Sourcv

"Ihi \ pll ch1an "cs Cthe 'ot1urc" t•he '0lI'.CIu . ren ratinii pr-otil l u ,m ,anua
smu lation . lhc- o chow:: ib dl a mode a tn ..irir prit . ii the piot0lC 1n a tuseu 1uppIWed

propagati(it n profile l 1i T 'haO tLh• e so•ur c1W 01 th n Il' ]u .', c :ueuI pmcrtle. lect the*

-- itlt')rtielutl1s 1 1, 5-' , BI I 5u i l.\('lK ,,('.\ I -1l,=I . , i,• Op 111:10 Il \h l tl t=e LI'< :,I.
t.hanc e th111 pl e u iloaif c •.t,2lI-nIt ton , i I .. >u, w .l 0 II, AI ' A, I , \: I ti. JlIi hI~ýI ar, ,

1101 1051:1l t oh * lt1 pl 1>5 k ItI'(;RN 1 "t1-' , 1'." -\tu '."'IT (. tudunIts . I,,Im iL ,

tn pl i e J ru I 1"1 . ponli i I a. ...
t. nt rait. " i &a{1u t l [l' i ii ItC



BAC]<SCAT -- Rnman System ... .. - - --__ _-

tmospheric Conditions=---.-- .... -'_

CURRENT ATMOSPHERIC CONDITIONS:
Molecule to Key On: N2

Molecule Concentration Profile Based On: TROPICAL Atmosphere
Output Molecular Profile File (.RPF]: DEFAULT

Propagation Profile Source: BUILT-IN AEROSOL MODELS
Atmospheric Model Parameters File [.ATM]:
Rayleigh Scattering Included

Change Molecule to Key On
Change Molecular Concenty'ation Source
Chi centi'atio: Fi>
Ch Molecule: ýrofile Source P

Ed NZ el Parameters
Ch C02 eing Source
EX HZO

02

AT, RETURN to execute/accept, ESC to Previous Menu.

Figure 56. BACKSCAT Popup" Menu for Changing the Raman Molecule to Key On

iBACKSCAT --- Raman System
trosph'.ric Conditions

CURRENT ATMOSPHERIC CONDITIONS:
Molecule to Hey On: NZ

Molecule Concentration Profile Based On: TROPICAL Atmosphe-e
Owi.•.'t Molecular Profile File [.RPF]: DEFAULT

Propa•¢,•tion Profile Source: BUILT--IN AEROSOL MODELS
Atmospher c Model Pa-ameters File [.ATM]:
Rayleigh _,-attering Included

Change Molecule to Jeq On91
Change Molecular Concentration Source 0.

Chl Molecular Concentration From:
Ed MODEL ATMOSPHERFS
Ch USER SUPPLIED DATA
EX

A,V, RETURN to execute/accept, ESC to Previous, Men)u.

-i•,\•I 57. CKS( ' T\L " pi \lnu t01 ('hJ1n1L'J1L' OW SU,"u c CC rfl' \01i u (,t t

[ r~n1a1 A R,1 il LiCijr SIHI.]1ITI1•ý



Whe-n the 'Model Atmospheres" Option is selected. B.ACKSCAT displays a Itpopup'. menu
where the user must choose from six built-in ,modcl atma-,sphe~res. as showvn in FIL'ure J8.
BACKSCAT then checks that the current simulation also uses the built-in models (ie.the first
method in Table 18). If not. BACKSCAT issues a warnin2 message ard uses the built-in aerosol

models for the propagaticni profile. During the simulat~ion. BACKSCAT wvill write the. molecular
concentration profile (corresponding to the choseni model atmosphere-) to the Ramar. propagatioDn
profile 'tile. Notz that the- same model atmosphere is used for Ray'leigh scattering contributions.

CUJRRENT ATMOSPHERIC CON'DITIONS:
Molecule to Keyp On: H12

Molecule Concentr~ation Profile Based On: TROPICAL Atmosphere
Output Mola~cular Profile File [.RPFJ: DEFAULT

Propagation Profile Source: BUILT-IN AEROSOL MODELS
Atmospheric Model Parameters File [.ATM]:
Rayleigh Scattering Included

Fiur 5. ACSCT Poup Mnufo Sletig heModel Atmosphere:T eUe o h
Moleula cocenraton rofle n aRamn idar imuat

Whe th Uer-uplie Dta"opionis selDectd AISA ipa a"ou"mn
thatliss te kman ropgaton rotie fles( *rpfiin he urrnt wrkig drecIrN'Masshon i

Raman pr 58. iion protile files exiut. orACKSCAT use>tte Anmji-ushr cneTrtonBe prsed le torh c

the Luet5a).tMovithinmodelratmospherde.sNoed that and' hi!~r.up~ RE RN tVHile \ithc amolectlau

c~ centatonprotlic Icii uIt hc properly orrnatted eeApr-endo A



IIACI(SCAT --- Raman System ..-jtmospheric Condition .

CIURRENT ATMOSPHERIC CONDITIONS:
Molecule to Key On: N2

Molecule Concentration Profile Based On: TROPICAL Atmosphere
Output Molecular Profile File [.RPF]: DEFAULT

Propagation Profile Source: BUILT-IN AEROSOL MODELS
Atmospheric Model Parameters File [.ATM]]:
Ragyeigh Scatterin

Select File: I
TEST H PF

DEFAULT .RPF

A,T, RETURN to select file, ESC to abort,

Figure 59. BACKSCAT "Popup" Menu for Selecting an Existing Raman Propagation Profile File
To Be Used for the Molecular Concentration Profile

8.3.4 Change Molecular Concentration File

To change the file name for a molecular concentration profile. select the third option
"Change Molecular Concentration File" from the Atmospheric Conditions Submenus (Figures 54
and 55). When the source of the molecular concentration profile is built-in models. BACKSCAT
prompts the user for the output tile name, as shown in Figure 60. The specified tile is wheie
BACKSCAT writes simulation data.

When the source of the molecular concentration profile is a user-supplied propagation
profile. BACKSCAT displays a "popup" menu that lists Raman propagation profile files (*.rpt) in
the current working directory. as p"viousl, shown in Figure 59. Move the cursor to the desired
propagation profile tile and hit RETURN. During the simulation. BACKSCAT reads the
-fleculat , ._centration protile from the specified Rarnan propagation profile file.

8.3.5 Change Propagation Profile Source

This option in Atmospheriýý Conditions Submenus (Figures )4 and 55) specifies how
aerosol proftile_ are defined for a Rairan simulauon. To select this option, move the highlighted
area to the 'Chan,,o Propagation Pi-otilc S.urce" oiei and press RETURN. BACKS( AT theen
displays one of t\o "popupP im1rius. d-pernding ou, the current source of the molecular

0oncC11(ration protile. No te that thc top portion or the : anosphenc Conditionc, Submcnu always
displIVs the current so1urce t O the prypaiatioli protilý..
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BACKSCAT -- Raman System
itmospheric Conditions-i

CURRENT ATMOSPHERIC CONDITIONS:
Molecule to H~ey On: N2

Molecule Concentration Profile Based On: TROPICAL Astmosphere
Output Molecular Profile File [.RPFJ: DEFAULT

Propagatio-a Profile Source: BUILT-IN AEROSOL MODELS
Atmospheric Model Parameters File [.ATM]:
Rayleig-h Scatte~ring Included

Fle Name Entry ý -- -

Enter Filename for Current Simulation

Fit~urt! 00. BACKSCAT Prompt tor Enternn? the C) orpli F11- Name for a Ra-man Propagation
Protile That Includes the Molecular Concentration Protille

When the molecular con)Pcentration protile Is trorn a built-in model atmosphere.
BACKSC AT displays a 'popupL ' menu that torces the user to select the built-in aerosol models. as
sho%,.n in FiL-Lure 01. This choice corresponds to the first method in Table 18. To r(eUrn to the
Atm-osphene Conditions Submenu and niot make a selection, hit ESC.

\Vher the Molecular concentration profile is from a user-suipplied propagation profile tile.
RACKSCAT displays a 'popuip ' menu \'here the user can select either built-in aerosol models or
a user-suLppilca propqagaton profile file. a.,. shoxn in F'i-ure 62). To make a selection, move the
Hiýtehliehted area Lo the desired choice and rress RET VRN. When the 'User-SUPplied Data
(ption j,, selected, I3ACKSC AT read-s the ae-rosol prorile and the Raman mo1lecuIlar Concentfration

proille from the same qpr tile (i. (. the wecond method in Table 18). Converselv. vý hen zhe Built-
In Aerosol Mlodels" option is ,elected. BACKSCAT appends the bunit-in aerosol profille to the
r1pr ti; c that contains uIser-supplied Raman mo lecu lar c-once~ntrat ion profile (I.c'. the third method
in iab!c 1S) .An\' existuiL, a, FUSo data In the file arl- o% erwrittein darinu the simulation. I-() return

tothe- A.tmo~spheric Conditin., S~Libmnu and niot make a selection, hilt ESC.



BACHSCAT -- Raman System .. ........ ...
tmospher ic Cond it ion ----- -- -

CURRENT ATMOSPHERIC CONDITIONS:
Molecule to Hey On: N2

Molecule Concentration Profile Based On: TROPICAL Atmosphere
Output Molecular Profile File t.RPF]: DEFAULT

Propagation Profile Source: BUILT-IN AEROSOL MODELS
Atmospheric Model Parameters File [.ATMI:
Rayleigh Scattering Included

Change Molecule to Hey On
Change Molecular Concentration Source
Ch
Chi Propagation Profile Built From: 1
Ed. BUILT-IN AEROSOL MODELS
Ch L1
EX

A,Y, RETURN to execute/accept, ESC to Previous Menu.

Figure 651. BACKSCAT "Popup" Menu tor Selecting the Source of the Raman Propagation
Prctile When the Molecular Concenmtation Source Is Built-In Models. Note that the user can only
select built-in models which corresponds to the first method in Table 1 8

iBACHSCAT - Raman System --
tmospheric Conditions .

CURRENT ATMOSPHERIC CONDITIONS:
Molecule to Hey On: N2

Molecule Concentration Profile Based On: USER-SUPPLIED DATA
Input Molecular Profile File [.RPFI: TEST

Propagation Profile Source: BUILT-IN AEROSOL MODELS
Atmospheric Model Paramcters File [.ATM]:
Rayleigh Scattering Based on: TROPICAL Atmosphere

Change Molecule to Hey On
Change Molecular Concentration Source-
Ch

Ch Propagation Profile B ilt From:
Ed BUILT-IN AEROSOL MODEL.f
Ch USER SUPPLIED DATA

a,,,RETURN to execute/accept, ESC to Previous Menu.

Fj•lre (i-'. BACKSCAT . POpup Nl!nu tlir Selectinv the Source o• the Raman Piopagation
Prn filc \\r:n Owl> Mholecular .olnl'tD Iwl . c [llC'.• k a [iser-Supplied Inpu t File. N )te that these
I','-.'() L h()iL'CS; c •;D i ICI lhth seco'nd ýtnd third methods in, TaldCo



8.3.6 Edit Atmospheric Model Parameters

The user can edit atmospheric model parameters only when the source of the propagation
profile is the built-in aerosol models. This option permits the user to define the aerosol properties
for four lavers of the atmosphere and define the properties of clouds. To select this option from
the Atmospheric Conditions Submenu previously shown in Figure 54. move the highlighted area
to the 'Edit Atmospheric Model Parameters" line and press RETURN. or press the "A" key
twice. Because the "Edit Atmospheric Model Parameters" option is lengthy and popular among
BACKSCAT users, it is discussed separately in Section 8.4.

8.3.7 Change Rayleigh Scattering Source

This option specifies the status of Rayleigh (i.e., molecular) scattering for Raman
simulations. Specifically, it can be used to "turn oft" Rayleigh scattering. Also. when the Raman
propagation profile is defined via tile third method in Table 18. this option is used to select a built-
in model atmosphere tor the Rayleigh scattering profile. Note that the top portion of the
Atmospheric Conditions Submenti always displays the current status of Rayleigh scattering. Note
that a "proper' lidar simulation .,hould include the effects from Rayleigh scattering. Howevei',
"turning off' Ravleigh scatterinm can be helpful for research studies in which the user wants to

estimate the aerosol and molecular contributions to the lidar signal. Because Raman scattering is a
molecular process. a simulation without Ravleigh scattering still uses the molecular concentration
profile, but molecular scattering and ;ackscattering of the lidar beam is not included. Mso.
turning oft" Rav lcih scattenne does not attect the status of molecular absorption.

To change the Rayve1ih Scattering ,,ource. select the sixth option "Change Rayleigh
Scattering Source" on the Atmosphenc Conditions Submenus (Figures 54 and 55). When the
Raman propaeation pro1file is defined via the first or second method in Table 18. BACKSCAT
displays the "popup" menu shovn in Ficure 63. To make a selection, move the highlighted area to
the desired choice and press RETURN, Note that when "Ravlenih Scatterng Included" is opted,
the 1',ayvle-eh scatterin £ and Raman molecular concentration profiles are from the same source.
Also, the uscr can 'Iurn oft" RPavieigh scattcrinM by supplying a Raman propagaton protile tile

i pt) in which the molecular scattenng and backscattering coefficients equal 0.()
When the Raman propa, Lation Fprole is defined via the third method in Table 18.

BA('KSCAT displays the popup mecnu shcwn in Figure 04. To make a selection, move the
highlighted area :o the desired choice and press RETURN. If the "Rayleigh Scattering Lising
Model Atmospheres" option is selected. BACKSCAT displays a "popup" menu where the user
Must select a built-in m1d10! atmo.qphere tor the Rayleigh scattujring profile. Move the highlighted
area ito thr desired bin lt-;n model atmosphere and press RETI RN.



BACKSCAT -- Raman Si;stem"-
tmospher ic Conditions

CURRENT ATMOSPHERIC CONDITIONS:
Molecule to Hey On: NZ

Molecule Concentration Profile Based On: TROPICAL Atmosphere
Output Molecular Profile File [.RPF]: DEFAULT

Propagation Profile Source: BUILT-IN AEROSOL MODELS
Atmospheric Model Parameters File (.ATM]:
Rayleigh Scattering Hot Included

Cha itge Molecule to Hey On 0
Change Molecular Concentration Source
Ch
11h Rayleigh Scattering Option:
Ed RAYLEIGH SCATTERING INCLUDED

Ch NO RAYLEIGH SCATTERING INCLUDEDjE×

*,W, RETURN to execute/accept, ESC to Previous Menu.

il-ure 63. BACKSCAT "Popup'" Menu for Defining Rayleigh Scattering When the Raman
Propagation Prntle Is Defined Via the First or Second Method in Table 18. If Rayleigh scattering
is included, the Rayleigh scattering and molecular concentration profiles are from the same source

FBACJCSCAT -- Raman System --- -
rtmospheric Conditions-

CURRENT ATMOSPHERIC CGHDITIONS:
Molecule to Hey On: NZ

Molecule Concentration Profile Based On: USER-SUPPLIED DATA
Input Molecular Profile File [.RPFJ: TEST

Propagation Profile Source: BUILT-IN AEROSOL MODELS
Atmospheric Model Parameters File [.ATM]:
Rayleigh Scattering Not Included

Change Molecule to Rely On
Change Molecular Concentration Source
C01
Ch Rayleigh Scatte:-ing Option:
Ed
Ch NO WiYLEIGH SCATTERING INCLUDED
FX\ RAYLEIGH SCATTERING USING MODEL ATMOSPHERES

AV, RETURN to execute/accept, ESC to Previous Menu.

o4, .utre 4 t,-\('KSC'.A "Ppup \l ntor Rr- 'inine kavieich Scattenne When the Raman

[Pi )p, 'ation lProfile 1. DIetined %'i], the 'I ird NM tH:od in T able I 1



8.4 Edit Atmospheric Model Parameters

The 'Edit An-nospheric Model Parameters" option is where the user can change
atmosphenc model parameters for four aerosol layers in the atmosphere and define the properties
of clouds. This option appears in the Atmospheric Conditions Submenu only when the current
source for propagation profile is the Yiilt-in models. It is available for aerosol backscatter. Raman
scattehn�. ani coherent Doppler !idar sxstems (see Figures 45. 46. and 54).

8.4.1 Entering the Atmospheric Parameters Submenu

To set atmospheric model parameters. move the highlighted area on the Atmospheric
Conditions Submenu to the "Edit Annospheric Model Parameters' line and press RETURN. or
press the A" key twice. BACKSCAT d�splavs the A�ospheric Parameters Submenu. as shown
in Figure 65. The values in Fi2ure 65 are the default values in BACKSCAT Version 4.0. If the
user employs a contigurauon file that includes an atmospheric conditions file, the parameters in
that file will appear instead of those shown in Ficure 65 and the tile name will appear at the top of
the menu instead of "NONE."

K. '*�.> S � . ___

Atmospheric Pe.r-o.�eters File: flO�1E Read in uew File?
Seasonal Distribution FALLUIIITER

h�ght (I.,) Z.90990
Type of Aeroso is. RURAL

Relatlue Humidity (k): 78.09
Uisibilittj at the Surface (I.,). 23.0999

Mind �eed at 10 m (uvs). 18.8990
5 ',-, Height (kin): 9.99990

Relatlue Hunidit!j r�): 78.09
Height (km J; .0990

TLpe of Aerosojs: ST�TO�FHER1t
Aerosol Loading: BACKGROUND

� Height (kin): 188.899
Type aT AercsoJs: KETEORIC P'JST
Aerosol Loading: WJJUS�L

Cloud loud Type rKJNE I
Base (km) 18.8998

Cloud Thickr.ess tkm) 1 90899
Extinction Coefficient (1km). 0.14999

Model Parameters t ur he
Built In erosuls



8.4.2 Accessing Atmospheric Model Parameters From 1File

BACKSCAT allows atmospheric mo)del parameters to be saved In a file aind then easily
recalled Into thle menu Interface vtm.These tiles are Liven the diefault extension. ac nl. and are
described in deta-il in Appendix A. The namei of' an -existing atmospheric conditions tile can be
included in the configuration file.

When the Atmospheric Parameters Submenu first appears. the user will be aýsked if fie or
she wýants to read in model parameters trom ain existing auimospheric conditions file. (This Occurs
even if' an atmospheric conditions rile was spýcified in a user-supplied configuration file.) if the.
answer is "Y". BACKSCAT displays a "popup menu that lists tlbe_ atmospheric conditions tiles in
the current workinR directory. Move the cursor to the desired fil- naine and hit RETURN. 'The
values in the .ann til will reCplace- these in the Atmospheric Parameters Submenu. To exit this
popu PO "SUbmenu and not select a newv atmospherlic conditions file. hit ESC. It'no. tiles exist in the

current directoryv with the ari-/' extensio~t. BACKSCAT alerts the user with a warning message
and returns to the Atmospheric Parameters Submnenu. If the user does not read a nlew file by
reýsponding with a 'N" on the Aitrrosphýýric Parameters Submencu. the hit'hlighted area will move
to the record fields for the individual atmo~pheric model parameters.

8.4.3 Editing~ Individual Atmospheric Model Parameters

hi the built-in aerosol miojde'S, the atmosphere is divided into four layers. From the ground
upward, these lavers are the boundary' lay' er, the troposphere. the stratosphere. arid the upper
atnosnhere. As shown in Fiirure o5, the user can chance the heic!ht anid aerosol type ot each lavei.
The, U sonal di]stribution paarameter rerers to the seasonal distribution of' the aerosols in the
troposphere a.nd stritosphere. The! clouds are optional. Table 19 lists the unit~s anid range,: of" the
paramecters tfor the built-in aeroSdM I t de I>

'o >selectix'elv modif-%-y tv ' all ot the atmospheric moulel parameters. mnove the
hi h1li ehtcd area to the desired parametrer nisin g thle uIP W dlown arrow ke~ys . type InI the new
\'aILue. and hilt RE-T[TR N'. I3ACKSCA I* \'eritiles that the. new vaflue is within the range liMniLS for
that p~iramctcr. It it Is not. 13.\ K S)C:T displays ain eri-or message that gives the acceptable range
tr the parnt meter and then promý)I OWs the u. to correct the entrAy. To display The options tor,) text-

iclatted atm s~pheric in.dlprmrr.h~t Fl I3ACKSC.\T then displays a PpoIpu' menu that
I ist.s the p os hle choicesý. 'J m)rakc a rolc n. ove the hi~hilghted area (using the up and down
arrow Leyss to the d(-i'rred cm ncu .iand hilt RTFURN. or type the highilighted letter tw\ice. Tfie
Atm osphern Parameter,, S11me ilhlI is then) updated with thle new choicc.



Tbie 19. Atmnospheric NM.odel Parimetery, for the Built-In Aerosol. Units. Default Values. and
Limits. Th1e1 dofau clud b tse, and thickncss 1:0r water clouds are aiven in Table 2

AT'AOSPHERIC D)EFAULT
PA RANMETER t N, ITS VA L UiE 1LEVvfTS/CHO ICES
Seasonal D~istribution -Fal1I/Wintcr Fall/Winter. Sprngi/Summer

Boundarv 1 aver
Heichit km1.0 > 0

< Heililhts of troposphere. stratosphere. and
top of atmosphere

T. pC of acrosoi Rural Rural. maritime. urhan. tropospheric. desert.
oceanic, advection fot,. radiation foue

Rc 1Lan y humiditv -0J) 0)- 1001
VIsihilit% Lit the surlacc kil 32.0 o - 300

0' 55111 CXtlflC110ii LO(J. kmn K 15S > 0
.it the,- yqirlacv
WVindl ,p, d at P) m ~ u . 0 - 30

'I rop()sfhere

H C 11 t kinl Q > Heiqht of boundar, laver
< leights of st-ratosphere and top of atmosphere

RJIaVe hUMIdit\ 00 - M00

Stratosphere
Hclieht kin 2000. Heic-hts ot boundary laYer and stratosphcre

< 1T" of atmosphere
Type of icro,,ol Stratospheric Stratosýphcric .aged volcanic. 1`CSh VOkILfIC
.\,rosol lodiiC at.k-e-roujnd B ack-i- 1odnd. modcratc. hichi volcanic.

eXtremeC VALcnDic

k pper Atmosphere
HCeieht kill i 1.00(. Hei.-hts of boundary layer, troposphere.

"sualOspliere
F, P oflC ierosol Nlotcoric lDti N Ic!Corir dust
Ac:rosol 0 ±tdiii': Normal NormalI. cxrme-ii

CIoudŽs Ncllc None., SIAilddrd C'.rrus'. M1WIIM hiulcirrus.
(O11lnulUs .iltostiniius. stratils. stratoc:iinui l11'

('k)id hJ.se kill C Irrus". 10 0(1 Cirrus:- --0 and - 3(0 kin, top of atmosphere
(C(- [ableC 2) \Vawr clouids: - (0 and -10) km., iropinsphcrte

C.loud UIchicknes kil (ulUN 1.0 '1and < M

I.hke 2)
IA lit I wii Co' II(~ I Ricicil lil 1 4

Qe~'\IIrc LtJ Co CHCII CL uilic( 1 4 1011d musAIl yc IIAIWx

I~~~~~~~~~~~ Clois5 nhiO~' L'~iI~



8.4.3.1 Boundary Layer Parameters

The atmospheric mode! param-eters for the. boundlarY Live-r include thle height of the
houndary laver. the type of aerosol. the relative humidit, at the surface, and either the visibility at
the surface or the extinction coefticient at the surface. To display the choices for the type of
aerosol. move the hig2hlig~hted area to the 'Type of Aerosolls' flield and hit Fl. BACKSCAT
displa-ys a "popup 11menu. as shown in Figure 66. To change the! typc of aerosol. move the
hihlighhted area (using the up and down arrow keys) to the desired choice and htit RETURN. or
type the highlighted letter twvice.

In the Atmospheric Parameters Subrnenu. the aerosol cextinctioa profile in the boundary
laver can be detined in terms of the visibility at the surface or the extinction coefficient. To switch
from one to the other. hit F1 aind then type the desired value.

When desert acrosols are chosen for the boundary layer, the usrr must also specify the
wvind speed at a heig~ht of 10) meters. Although it always appears on the Atmospheric Parameters
Subinenu. the NN Ind speed cannot be chan~ged tunless desert aerosols are selected.

T, -. .T a;, rM ____

Atmospheric Parameters File: MOMl Bead in new File? MI
Seasonal Di str ibutiion, FALL/UINTEM

Height thm): 2,091
Type of Aerosols: 1)Tl

Relatlue Huamidityj (/): 70
Uisihilitij at the Surface (ki): 231

Wind Speed at 19 a (m."s): 10 MWA
Height (kim): S. 'ITI

Relatlue Hunidity CO): 70
Height (kum):Z 29 'US 1.4C

Type of Aerosols: ST T~
Aerosol Loading: BA EI
SHeight 1kam): 10 t M im

Type of Aerosols: HE 'AIAI 2-

.7r Aerosol Loading: NO

M1. Cloud Ty~.pe: lIUME
Cloud U~se (kmm): 19.90B0

Cloud Thickness (MO): 1.88890

mExtinction Coefficient (1,km): 9. 14890

w, Ener=ccp Aeros3.('KCVJ opu Typ frn o r Bouctnd" th yerVp u ay ~xeV[

F ý'IIV )0 BC'KSAT p



S.4.3.2 Tropospheric Parameters

]-ýhc atmospheric model1 pý,Aiameters for the troposphere include the height of the
troposphere and the relative humrildity. To change the current values for these par ameters. move
the hIehii2hted area to the desired choice . nd enter the new value. The tropospheric aerosol type
is assum-ed through 9)ut the troposphere.

8.4.3 3 Stratosphteric Parameters

The atrnoCSple1i'; model parameters for the stratosphere include the height of the
stratosphere. the type ot'stratosphenc a-erosol. and the amount oit aerosol loading. To display the
choices for the type ot .aerosol and aerosol loading. move the highlighted area to the desired
parameter and hit Fl. The choiý:es are then displayed in "popup' menus. To make a selection.
move the highlighted aroa uLsingc the up and down arrow k-evs) to the desired choice and hit
RETURN. or tvpe the highlie-hted letter twice.

8.4.3.4 Upper Atmospheric Parameters

The atmospheric model parameters tor the upper atmosphere include the height for the top
of the atmosphere and the amnount of aerosol loading. C urrently. meteoric dust is the only aerosol
type for the upper atmosphere. 'To) display the choices tor the aerosol loading. move the
hi hli, ,hted area to die Ae~rosol Loading" f-ield and hit F]. BACKSCAT displayS a, ,popupI menu
that contains the avaiulable choice.:ý. 'io chiance the aerosol loading. mnovc the hiLhli~hted area
(usming the Lu[ and down irro'm keyv) to the diesired Choice and hit RETURN. or- type the
[ih211gli ~tcd letter twice.

8.4.3.5 (Cloud Pararnetier,

Th11 built-in aclosol iollsi BA('KSCAT allow,ý tor c,.louds zo he Included In a
simulation. To display the c10~w~Fr thle C!OudCS. moveý the highlichte~d area to the '(,'loud Tvope"
held and hit FlI. BA( KSCAT diljplavs; i popup' rnenu that 11iSt theC avilVableh hoices. as" shownI in
Fic!ure o7~. T he %\;ater ckI ids 1re new it) BA( KS('AT Ver-sion -4.0. TO Chan,- the Cloud type,
inovet - li:cL!licvhtcd alrea ito theý desired seleIction and hit RFI11 ()I tR.\o ipe thlehihim leL
twice.

\\hen ai cloud is, inchinded iii a'Irnia~ the uier can optionallyV detineC tOW CIOLId ts

thicknesv.,,, 111d eXti1 iction1 COCHiich-ni. :\lthoueh the awav appearW onl thLe Atill sp hee ricPararneierS
Sohibmeno. th" cloud baise.. ihiCknesN.01 an1J ext)inct(ion coetticieni cannot be( chanced whenci the cOloud
I pc is et to () l



Atumospheric Parameters Filie: WHfE Bead in new File? Mt

Seas~onal Diste~ibution: FRLL/WINTEJI

71171!ý ý Height (!5m): ZOSOSO
Tyipe of Aerosols: RWR~tL

Rlelative tbimidlty (k): 7S.80
Utsibilityj at the Surface (M); Z3.9890

Wind Speed at 19 m (a/s): 19.860M
Height Mm.): 9.988M

Relative H~umidityj GO: 79.89
41- C.1= Height (3m): Z9.8999lu

Tupe of Aerosols: StRATOSPHERIC MOH
Aerosol Loading: BAC6KGROUNDD''RRW

*-Height (ka): 189099Sj~SUL AU

TyJpe of Aerosols: MIETEORIC DUST ILU
Aerosol Loading: OMWALýTSRTS

a'Cl oul Tgpe: ''IRTCUXIS

Cloud Base (km): 19.09M I7STAU
Cloud Thickness (3m): 1.9999

Extinction Coefficient (1"3m): 8.14999
I-O

'L V, Lnter=Accept Cloud Type
Fig(-ure 07. BACKSCAT "Popup" Menu tor Selecting the Type of Cloud

8.4.3.6 Returning to the Atmospherie Conditions Submenu

frO accept any changes ma,ýde in the Atm-ospheric F'ararnetý-rs Subrnenul and return to the
.Atmospheric Conditions SuihrnenlU. hit C-TRL-ENTE-R. BACKSCATf asks the user if he or she
wants to write the atmospheric conditions p~arameters to a atrm tile. Answer with a 'N'Y or "N.' If
thý- answver is "Y," the c.ode p-romptS the User for the tile namne. J1ae c:urrent atmiospheric
oconditions tile namie is provided 1ý the default choice. To use this tile narne. press RETURN.
I3AC'KS(.ATf *,,:1111ds the liier that the tile already exists and then asks for confirmration to
overwnite it. An.;~wer with a '"Y' r~ N." If' the user wants to save the atmiospheric conditionis
pararnelers to a new atin tilec. tYpe in lthe newv tile namne and press IULTCRN. Atter BACKSCAT
saves the file. the uiser is returned to the Atmnospheric Conditions Submnenu

TFo returni to the Atmnospheneý ( onditions Submienu without saving anyV changes miade to
the viewin e conditions r)1aTCC-.hit ESC atayincdn,-th editingll process. B3ACKSC'AT

aksthe us"er to :onfi'ii th is q)(rdt ion hecause any changes to the atmiospher1ic' conditionS,
parainet rý aieC lost. inch]11i 1idin any- nef.ilc recad In.



8.5 Exit the Atmospheric Conditions Submenti

Tfo return to the BACKSCAT '0ain Menu trorn the Artmospheric Conditiu~ns Submenu.
hichhlieht the E,\it to, Main Menu o)ptl(,n and hit RETURN.o simply hit ESC. In both cases. the
c:hances made in the Atmospheric CondItions Submenu are saved.

9 ADDING A U'SER-DEFINED AEROSOL LAYER

This option defines the parameters tor a customized user-deffined aerosol laver. The option
is available in the Atmospheric (Conditions Submenu only when aerosol backscatter and coherent
Doppler lidar syvsterns are slimulated and the source of the p-opagation profile is the built-in
models (Figures 45-' and .46). Durnnc the simnulation. BACKSCAT adds the user-defined aerosol
a "ver to the built-in protile. This o)ptio-n and its accompanyina submenus are unchanged from
BACKSCAT Version 3.0.

9.1 Entering~ the User-Defined Aerosol Layer Submeiiu

TO add/cha-nge A ulSer-detlned acrosoil laver. move the hichlje~hted area to the
"Add/C'hanLce L'ýer-Defined Aeroso; Laver" line (iFure 45a-46) and press RET`URN. or press

the AL' key ie.BACKSC:\T displays the User-Defined Aerosol Laver Su''mnenu as shown in
Fliuure W~ The ,alueCs in Fic,_ure o,, at-cý the default values in BACKSCAT Version 4.0. If the use~r

m1ploys a conl iguration file that includes a1 Liser-detined aerosol tile. the \,aluies in that file will
appear instead of those shown InI Fizoure toS and the tile name \wtil appear- at die top of the menu
ins.tead ''NONF.

9.2 Accessiri, I ser-Defined Aerosol Lav'er Paramneters From file

BACKSC.\T ll i-s use-defined icrosol parameters ito he saved in a file and then easily
Wecalled itOh thze menuIIL i nirt Le C tm These files ane cý,ivcn the default extensioi, Jv. and are
leeNC- Cid Inl d'taill In A\Ppe udI iA I\wnm ta xiuncue-eie eoo parameters tile
an11 be iPc IL tIled finlte L: kn Mt ur'11Iatl iIn file, Al so. the, size distribution60 shape for a uiser-dlefinied

.0,ter ! 1Ia'er 1 11 be' deine'ld %:, Ia list it particle radii x erSusN norMalizecd aerosol number density.
These data1 must', heý MNeilled Otl ]line- and putl Into tiles %\ ith the def'ault extension .. h
tormat (it the, jize , distibuil n1 flic I, ýivenl InI Append' x A. T'e11-~ disýtrhibtion file name N- is
1Hncluded Ill the use-Je'tI med eslpaetstie.



BACiSCAT -- Aerosol Bac)kscatter System
erosol Layer Farameters--
Aerosol Layer Parameters File: NONE Read in new File? N

Size Distribution Function: LOG NORMAL
Change Size Distribution Function Parameter(s)? N

Log Normal TOTAL RADIUS
Parameters - MODE # DENSITY (un) STD

1 1 8.038 8.35
2 0 8.888 0

Particle Type: USER DEFINED

Refractiue Index - Real: 1.396
at 0.5588 um Imaginary: 8

ALTITUDE (km) # DENSITY (particles/cm-3)

1 8.8 8--
2
3 S4
5

v, Ctrl-Enter=Accpt Changes, ESC=Quit

Figure 68. BACKSCAT Submenu for Specifying User-Defined Aerosol Parameters

When the User-Defined Aerosol Laver Submenu first appears. the user will be asked if he
or she wants to read in pacameters from an existing user-defined aerosol parameters file. (This will
occur even if a user-defined aerosol parameters file was specified in a user-supplied configuration
file.) If the answer is "Y". B.-\CKSCAT displays a "popup" menu that lists the user-defined
aerosol parameters files in the current wvorkine directory. Move the cursor to the desired file name

and hit RETURN. The values in the lay tile will replace those in the User-Defined Aerosol Layer
Submenu. To exit this "popup menu and not select a new user-defined aerosol parameters file.
hit ESC. If no tiles exist in the current directory with the .lav extension. BACKSCAT alerts the
user with a wamin2, message aiid returns to the User-Defined Aerosol Layer Subm-nu. If the user
chooses not to read a new file by responding with a "N" on the User-Defined Aerosol Layer
Submenu. the highlighted area will move to the record fields for the individual user-defined
aerosol parameters.

9.3 Size Distribution Functions

The shape of the particle size distribution for a user-defined aerosol laver can be
represented by one of three functions log normal, modified gamma. or user-defined. To display
these choices, move the highlighted area to the "Size. Distribution Function" field and hit F].
BACKSCAT displays the "popup" menu as shown in Figure 69. Move the highligh2Wed area to the
desired function (using the up and down arrow keys) and hit RETURN. or type the highlighted
letter twice. BACKSCAT then updates the User-Defined Aerosol Laver Submenu with the
current parameters for the new thinction. It the user hits ESC at this "popup" menu. the default
tunction becomes "'USER-DEFINED".

S6



A~eposol L~ayer Parameters F ile: MOME Rlead in new File7 M
Size Distribution Function.:

Change Size Distribution Function Parem
Warticle Size DIstribution:

Log Normal ""'hL •
Parameters - MDE a DERSIT ' Al

1 1 I ,A IA)

Particle Tjpe: tUER D17IMED

w Real 1. 3%
Imaginary:

ALTITUDE (.m.) DDISITY (par-ticleaecm-a3)

1 8.8e8 8

3

A, v, ftter=Accpt Size Distribution Function

FiLgure 0)• B.(-\KSC'..\T 'Popup M•enu iir SelIecting the Type t,t Particle Size IDiStnbution
Function

Wheýn the "ERDEFINED'' function is selected, the user must specifyN a S ize d istrbution
file t.m,•• Io Isis hesr.BC Tdipas a "popup" nenu that lists the existing ..si-7 f-iles

in the current working- directory-. Move the highlfighted area to the desired file name and hit
RETURN. To exit this "popup" menu and not select a new size distribution file, flit ESC. If no
liles exist hi the current director,, with the ..siz extension. BACKSCAT issues a warnin~g message

and returns to the "popup" mnenu to select the type of size distribution (Figure 69).

9.1.1! Log .Normal Distribution Function

The log normnal distribution function is commonly used to describe the size distribution of
.. oundary' laver aerosols. The number density- as a fulnction of particle radius. N'(r). is given by,

SI lol-r - ii)L£r
\'O•I 0,=• e p - •-. . -:6)1n) l'9 rI , T ' , 210 (



%where r,. r1 . (-,, are the number densitv, mode radius. and standard deviation. respectively. , the

,th mouc. Because BACKSCAT ,cales the log no.omal distnb.:tion function by the total number

Jensirý :-.onle. ':;+n- must equal I
":cnane the parameters tor a log normal distribution runcuon. move the highlighted area

tte 'T"hanee Size Distnbtiuuon Funcuon Parameterts)" 1ine. type "Y". and hit RE'T:URN
B3A(CKSCAT Jisplays a data ent,-ry hutfer "%ith the current log normal distribution parameters. as
.hown -. F:,:eure " ,) T, hanoe .j raramerer. ,impj,, type the desired value and hlit RETU'RN. To

fO~e ,"'.meen ,lumns. hit REF TRN oni, -, qtiWc-%- move between Model and Mode. use
'he up .LCJ d•o•n irrT kevs

KSCAT -- Aerosol Backscatter Syste-
croso i Layer Parameters
Aerosol Layer Parameters File: NONE Read in M File? N

Size Distribution Function. LOG NOYMILrLoq Normal Parameters .....
TOTAL RAD IUS

NODE 8 DENSITY (uN) STD

1 0 8.06,.35

(SUMl 1.6)

ALTITUDE (Mi) 8 DENSITY (particles/cme3)

I 0.0W8
z
3
4

V, Enter--Change Column, Ctrl-Enter=Accpt Paramet~e, ESC=Quit

FiLure -). BACKSCAT Data Entry Buffer for Editing the Log Normal Distribution Function
Parameters

To return to the User-Defined Aerosol Layer Submenu and accept the changes made to

the log normal distribution parameters. hit CTRL-ENTER. BACKSCAT verifies that all log

normal parameters are w"thin their range limits. The range limits for the log normal parameters are

!nven in Tabie 0,. If a value is not within the range limits. BACKSCAT issues ,an error message

similar to the one shown in Figure 71. The message includes the value of the paraineter out of
ran2e. the applicable range. and the row number containing the error. The error message remains
until the user corrects the erroneous parameter and hits CTRL-ENTER a second time. Curiently,
BACKSCAT ,,nNv displays the first error it encounters. Subsequent errors are not found until the
user tnees to exit again Ipon a successtuil exit. the new values are displayed on the User-Defined
\ero'o[, l.aer Submeru. To return t, the U'ser-Defined Aerosol Layer Submenu without saving

.in% , hanee-- nit FSC .mntime dunn, the editing process.



Y~hlb ', V \-rn r:.: j : Di~idribution Paramct,-r.s ;,,-\CKSCAT. Um., Detault

ILOG VORNIAL I)EFA t *LT

11 RHA IFTE TR I\ITS A *L1 LE , %IMITS

ITm ?ADrrT pl IU

IHU ( -up). I

Aeosol Denit - Oaam ter Tile RaglE 0.a0 0 Nino TieI

ALTITE (ka) a DIMITY (part icles.i'cmasu3)

pV, Enter4Chaiage Columan, Ctr I-Enter=Accpt PartaAcimmv. ESC=Qu it

Figzure -1 . Saimpie NfifSSdt 11%~ B.IACIKSCA'T When a Pa-rime-ter T,,r thn' Lw- Normal
Distri'DUtIon Function 1Is Out t- kanzý-

9.3.2 Miodified Gamma Distribution Function

u111ed MOIICi amn- -. <nr~I fltunction 'i" O mim (2 x u e , cnn t



,.\ here a. a~. hK I are paramete-s detining the size distribution. and the total number of particles,
A". is computed as

x, i ar xp(*-hbr 01r (38)

To change the parameters ior a modified gamma distribution tunction. move the
highliehtc . area to the "Change Size Distn-bution Function Parameter(s)' line. type ' and hit
RETURN. BACKSCAT display~s a data entry buffer with the currcnt modified gamma distribution
Darameters. as shown in Figure 7-2. To change a parameter. simply type the desired value and hit
RETURN. As soon as the user c-hani-,es I parameter. BACKSCAT verities that it is wvithin the
Jilowable range. it' It is not. BACKSCAT issues an error mnessage similar to the one previously
\nown in Figure TI7 . The mressa-e !:ncudes the value of' the parameter out of range and the
uopficable range. and the row% number containini, the error. For reference. the range limits for

iodltied -,amma parameters are -ie Table 2 .
To' return to the L'ser-Detineu .-\rosol 1-ayer Submenu and accep^ the changes made to

r-nodifieu callrnma size! distribution p'arameters. hit CTRL-E.NTER. The newk values are
ýisplayed on the ['ser-Defined Aerot~'i Layer -Subment'. To return to the User-Defined Aerosol
Layecr Suhmenu \k ithout saving am' ~a~s hit ESC anvtim e dunng the editing procesýs.

Modif iedI Gam Paraweters - A: 9 .011OU5
alpha: 6

'b:15

Particle TI~e: US=5 DEFIM

U01 I- .91MReal: 1.39%
mmlm"ýWjýImaginaryj: 9

ALTITUDE th) I DIMITY Cperticles/.c.-a3)

3

JAM V, C~trI-tuter=Accpt Changes, E3C=Quit F14isplay Available Distributions

F12u re 2. BACKSCAT Data Entr\ Butter tor Editing the M-odified Gamma Distnbut*o
I' unction Parameters



Table 2 1. Modified Gamma Particle Size Distribution Parameters in BACKSCAT. Units. Detauft
Values. and Limits. Note that the (x and y parameters are integers and dimensionless

DEFAULT
-PARAMETER VALUE LIMITS

a 0.0118S65 > ()
(X6 > 0
b1.5 >0(

V1> >0

9.3.3 1.ser- Defined Distribution Function

To change the size distribution tile (..wc, for a user-defined distribution function. move the
h~ighlig~hted area to the "Chan~ze Size Distribution Function Paramneteris)" line, type "Y". and hit
RETURN. BACKSCAT displ1aYs a 'popup -menu that lists the size distribution tii',s ( *.xuiz in the
current working director, %. Nlo,, the highlihted area to the desired tile name and hit RE-R RN.
'To exit thIs "popup m renu and not select a rfw size distribution file. hit ESC.

9.4 Particle Type and Refractive Index

lIn BACKSCAT. thereC areý seven types of particles tor the user-defined aerosol. To list
them. move the hiwhlinhted arato the 'Particle Type -field and hit F1.i B ACKSCAT dispiays tjie

'popurp menu in Fig ure. 73. \Ilo\c th, hin.hlighted area to the desircd particle type lusini- the up
andJ d()own arrow, keysi and hit RETURN .. or !ype the hiehlighted letter twice. It USER
DEFINED' is selectted, the LuNer mu1IISt enter the complex refractive index ireal and irnagiflarv
parts i on ;he next two lines o~t the I *ser-Detined Aerosol Layer Submenu. The complex refractive
index must be tur the lidar w aveklen~th In the simulation. It oine oM the other six particle t~pes v,
chosen. BACKSCAT automaticaily displavys the complex refractive index. h~ut the user is, unable to
change it.

9.5 Number Density Profile

BACKSCAT assumes, the ,h ipe ot the particle oize distribution to be constant throughout
the user-defiried aerosol layer InI turn, the attenuation properties ct the normalized
distribution aire scaled bo. a number densit\. protfile.



BACHSCAT -- Aerosol Baci~scatter Systemi
erosol Layer Parameters
Aerosol Layer Parameters File: HONE Read in new File? H

Size Distribution Function: LOG NORMAL
Change Size Distribution Function Par-ameter(s)? N

Log Normal TOTAL RADIUS
Paramieters - MODE UDENSITY (umn) STD

1 1 BI.030 8.35
2 8 8.008 8

Particle Type: USER DEFINED

Refractive Index - Real: 1.396 Particle Type:
at 8.5588 umn Imaginaryj: 0 USER DEFINED

WAfER
ALTITUDE (km) # DENSITY (particles/ ICE

------------------------- --------------- DUST
1 0.888 MARITIME
2 STRATOSPHER IC
3 SMOKE
4
S

A. V, Enter-Accpt Particle Type

FH Ure BACKSU.-T Pprup MIenu tor Chowosng thle TYpe ot Particle for a t'ser-Defined

1F~i'' t Ciar.a) :'s2numbte r densitv rrotile. mikiv e me hiighlqzhted area Into the
data entr'. buttcr at zr,ýe o tmt the- Dc!imed Aeronsol LJ\er SMIbmenu. Ttl c~hange_ a value.

Iirnpl t'.re '1(-% ne.'.lue inaj hit RF-TL*R N V'k move between c~olumnns. hit RETU RN oink. To

,jluItkk 1 n emx ý'en \t [Isc tehe pr Iand dn %%n jrrov" ke ';s Tilt altitude ikmi and itus
krs I d in:P III fl'e J2T\I rarticr-,fjjlewjjý, m1 must be spcitied I r a mnirrun ot Mt,. Altitudes.,

PIC 111itUdc", mti.t We idtr~ .inrain r and cLan rane2e irrom 1) T, 0 kmri 1-he altitude
,rid ti 01Wieru~nj e'' laser Joe,, not have it, inat~h :ýhat tor the user-supplied

nroaeai'n:mme ~ie.a ~ea neni~ . ramirnunm -T r-Ise a.1te Arermli~tted NuLlmbher
1ci1dtie rot 'e P111 '\LLanfen.eser! rue7 Lill e(Juai ze-rk at tInL rrt!. and last altitudes

11hC uMbIler Pfit rn ile ai e c hecked onk %k hen the u.ser hirs ( 'TRL ENTIR it, e\it the
w si - I )e tinei V-Acrwti I_,\ e r -,un ibe nu B~A( 'KS('AlI % enties that the %l ties in the numtrber densit

fr'ntlie a c v.thin Itei r .111ir ad Iin the L rrect order. It inl err r x"as mauc. 13 ( KSCAT
drispla\ý, an err r iea if tit e-\pla~iws the prohIblm Pt-e error messaie remains unti! the user

tetsthe' e'r~rIneMu [ra~ramer r and hiitN ('TRL.-LNTTR a ,econd time C'urrenti\s B..\(KSCxr
ii'11 dJisplAs NThe t~ir, ý- rn ia enc'ntcrs, subsequen01t twrrir IIL' 11 7.Lnd n~tilI the' WWI- tris ti'

e, It- acarnI

9).6 Rettrnirni tto the A tmo%pheric (rimditimis Subhienu

I ~~t' ~fl'.:,anee iind i In ei ý--D~ehned Acik-w L& er 'trben)itl an1d It 1Include

the asc ein ti , rue NiU]Jtkil n.ut I I \TLRI~ .Mrer checkmne t m s B.\(K.S( AT asks thle
list'! it he , Nnme %%.anis tý %k. rite the- u\ser-detined aerosmil paramrete-rs, a 1-11e \nss'.%er widl a1



" Y" or "N." If the answer is N., the user is returned to the Antmospheric Conditions Submenu. it:
the answer is 'Y" BACKSCAT prompts the user for the file name. The name- of the c:urrent user-
defined aerosol parameters tile is provided as the. default choice. To use this file. press RETURN.
BACKSCAT reminds the user that the tile already exists and then asks for confirmation to
overwrite it. A-nswer with a "Y'- )r **N.' If the user wants to save tn.- user-defined aerosol
parameters to a new . aY file, type in. the new tile name and press RETURN. After BACKSCAT
saves the tile, the user is returned to the Atmospheric Conditions Suibmenu. Note that it is not
necessary to save the user-defined aerosol parameter:ý to a laY file. However, this option allows
the user to easily rec all the parametzrs tor a future simulation.

To return to the Atmospheric Conditions Submenu without including the layer in the
simulation. hit ESC a-, anytime during the editing process. BACKSCAT asks the user to confirm
this operation. but any changes ito the user-defined aerosol parameters are retained within the
User-Defined Aerosol Layer Submenu. Note that the status of the user-defined aerosol layer is
alwvays shown in theý Main Menu and the Atmospheric Conditions Submenu.

11) ENTERING RADIOSONDE DAT.A

The Radiosonde Data Ent--% Prozram is used to create and edit radiosonde data tiles that,
in turn, can be used to describe Ri,, 1icih (i. .. mnolecular) scatternng and backscatterinF! protiles. In
BACKSCAT Version -4.0. the proiLramr has beer extiended to include provisions for wind filed
data. This extensioin permits tu',Lr,, ti comlpare existing wind speeds along a lidar line-of-sight
al'ain~st %% id speed accuracies tor a (.oh-ren, Dtoppler simulation.

('urrenti',. iadiolonde data ~an be uised only when aerosol backscatter and c:oherent
Doipple-r Wiar wx tems are ,imulat-d and Ihe7 miurce of the propagation profile is the built-in
mlodels, The xeriicai extent ot theý radw-,onde- data fl~ust encompass the minmnwnm and maximumn
altitude> to ht' uCd in the I idar \irnuiatun

IO accCSs the so~tt%%are iir radiwmindr data enitry 1mom BACKSCATr's menu interface
\\stern. proceed to the pkopup !-':enu that indicate,, ho,% radiosonde data are specified for a

',mullatwon i ,ev Vigiurc ;',, SeIc.- the ( 'r-Lite!L1dit Radiowonde Data o iption. Alterniately. to
exeCcute the proIpram as a .0adalnej~~c. %pc ?,j'aw att ttie MS-DOS prompt and press RETU_.RN.
l12ljf(' -4 Qsh\k, t he \lain Mlenuý r r roe Radiosunde D)ata Entry Program. Vhe options are
dzspla\ cd in the- mniddle to t he menur,, and the- \kindo k at the hotowm contains the instructions for
CWxecutirie, the t'ptitn,, I'll V sei(cc a1 lpttn. mt ) e the hig-hlighted area tk) desired option and press
RFTI RN. ,i type the 1,ltid iter m~ice

Ill. I Set and C'hange the iVaLa I flits

Radit stnde data. a (,e1 :teed in \. rrous phVsicl& unit,,. Table 2_2 lists the diefault
ph\sicl nit. hoices ot ph~ si~aI u its nd ranges, Itr the ';arious radinusondc paramete-rs. The
u rn'nh\ ,. W wi tsaed \i i teinril,,k at hce top ot the Main Me nt. Physical uinits can

b.. chnced reset ui.in-v \imin Nlc,-m



eADIOSONDE DATA ENTRY- Current RADIOSONDE UNITS

Altitude m ISL
Pressure mb
Temperature C
Moisture RH(x.)
Wind Speed rn/s
Wind Direction deg

Display Default Units 1
Reset to Default Units
Change Current Units
Create New Data File
Edit Data 1
Save Data File
Delete Current Data
Quit / Restart

Use Cursor or Hit HighLighted lXey. ENTER To Select
ESC from MAIN Menu QUITS

ESC from Sub-Menu Retreats 1 Level

Figure 74. Main Menu of the Radiosonde Data Entry Program

10.1.1 Display Default Units

.As shown in Table 22. the Radiosonde Data Entry Program contains a set of default
physical units for the various radiosonde parameters. To display them. select the "Display DefauL
Units" .ption from the Main Menu. The program displays a "popup" window that shows the
default physical units.

10.1.2 Reset to Default Units

To reset the current physical units to the default physical units. select the "Reset to
Default Units" option from the Main Menu. The program automatically changes the top window
of the Main Menu such that it displays the defauit physical units.

Q4



Table 22. Radiosonde Parameters in the Radiosonde Data Entry Program. Default Units. Units
Choices, ano Limits, on Parameter

RADIOSONDE DEFAULT UNITS
PARAMETER UNITS CHOICES RANGE
Altitude m MSL* MSL. m AGL () - 100,000

ft MSL. ft AGL 0- 330.000

PressLre mb mb. Pa 0.1 - 1100 mb
10 - 110.000 Pa

Temperature C C.K. F - !50 - 150 C
100 - 450 K
-250 - 250 F

Relative humidity. % 7 0- 100
Dew point temperature C C. K. F -150 - 150 C

100 - 450 K
-250 -250 F

Station altitude m MSL m. ft 0 - 10.000 m
0 - 30.000 ft

Wind speed-Horizontal m/s mnis. mph. kts 0 - 450 m/s
0 - 200 mph
0 - 200 kts

Wind direction deg deg () - 360 deg
()=N. 90=E. etc.

* MSL - Mean sea level

+AGL - Above ground level

10.1.3 Change Current Units

To change the current physical units for a radiosonde parameter. select the "Change
Current Units" option from the Main Menu. The program displays a "popup" menu that lists the
radiosonde parameters. as shown in Figure 75. Move the highlighted area (using the up or down
arrow kevs) to the desired parameter and hit RETURN. The program then displays a "popup"
menu that lists the available physical units for the selected parameter. as shown in Figure 76.
Move the highlighted area to the desired physical units and hit RETURN. Note that if the altitude
units are referenced as AGL. the user is asked to enter the station altitude in either meters or feet
(in whichever units are chosen). To retreat one menu level at any time. hit ESC. After the physical
units for a radiosonde parameter are selected. the user is returned to the Main Menu and the new
physical units are displayed in the top window.



RADIOSONDE DATA ENTRY= Current RADIOSONDE UNITS -

Altitude m MSL
Pressure mb
Temperature C
Moisture RH(/)
Wind Speed m/s
Wind Direction deg

Display Defauit Unats fl
Reset to Default Units
Chan
Crea Change Altitude Units
Edit Change Pressure Units
Save Change Temperature Units
Dele Change Moisture Units
Quit Change Wind Speed Units

Use Cursor or Hit HighLighted Xey. ENTER To Select
ESC from MAIN Menu QUITS

ESC from Sub-Menu Retreats I Level

Figure 75. "Popup" Menu in the Radiosonde Data Entry Program for Dispiaving the Units of a
Radiosonde Parameter

RADIOSONDE DATA ENTRYý- Current RADIOSONDE UNITS

Altitude m MSL.
Pressure mb
Temperature C
Moisture RH ()
Wind Speed m/s
Wind Direction deg

Display Default Units
Reset to Default Units
Chan ----- _ _
Crea Cl.ange Altitude Unit%-
Edit Change Pressure Units
Save Chan1
Dele Chan Clange Altitude Units
Quit Chan Meter MSL

use Cursor or Hit Feet AGL c
ESC fr'

ESC from Sub-Menu Retreats 1 Level

Fiure 76. P•opup" Menu in thc Radiosonde Data Entr, Program for Changing the Altitude lnits



10.2 Edit Existing Radiosonde Data

This option in the Radiosonde Data Entry Program is used to edit the radiosonde data
,either in an existing .rsd file or in the program's editing buffer. To perform each a2tion, select the

"Edit Data" option from the Main Menu. The program displays a "popup" menu in which the user
must choose to edit an existing .rsd file or the data currently in the editing buffer. as shown in
Fiure. 77, Move the hi~hli-hted area to the desired choice and press RETURN. If the "Edit
Existing File" option is selected. the user must enter an existing radiosonde data file. Type the
desired file name and press RETURN. If the file exists in the current directory. the Radiosonde
Data Entrv Program displays the size of the file and the last time it was modified. To accept the
file and instruct the program to put the radiosonde data in the editing buffer. hit Fl. Hit ESC to
return to the Main Menu. If the specified tile does not exist. the program issues an error message
and returns to the Main Menu.

After the user has established the radiosonde data to be edited. Radiosonde Data Entry
Program displays the editing buffer, as shown in Figure 78. In this example, the user has opted to
edit an existing radiosonde data tile. The current row and column in the editing buffer are
highlighted. To change a value, simply type a value and press RETURN. To move from column
to column in the buffer. hit RETURN. To move from row to row in the buffer, use the up and
down arrow keys. To scroll down or up. use the "PgDn" and "PgUp" keys, respectively.

RADIOSONDE DATA ENTRY=, Current RADIOSONDE IINITS - -

Altitude m MSL
Pressure mb
Temperatu-e C
Moisture RH(V)
Uind Speed m/s
Wind Direction deg
Current File:

Display Default Units
Reset to Detau!t Units
Chan
Crea Edit Existing File
Edit Edit Current Data
Savue
Delete Current Data
Quit / Restart

ESC from MAIM Menu QUITS

ESC from Sub-Menu Retreats 1 Level

F:i,,7.u1e .... thjpup" Menu in the Radio.onde Data Lnt- Program for Selecting the Radiosonde
Data lT, Be Edited



RADIOSONDE DATA ENTR' W IN

ALTITUDE PRESSURE TEMPERATURE MOISTURE SPEED DIRECTION
( M ) ( Mb ) ( C ) ( RH(v) ) ( ri/s ) ( deg )

179.88 1085.88 27.98 64.80 11.08 128.88
2 388.00 988.93 23.70 78,80 12.08 123.08
3 680.88 947.81 19.60 85.88 11.88 J21.88
4 .d. 91b.44 !7.80 82.80 7.88 111.88
5 1288.00 B83.96 16.28 72.08 4.88 74.88
6 1588.88 853.38 14.28 69.08 4.88 46.88
7 1808.88 823.63 13.88 48.08 2.08 81.08
8 2180.08 795.83 14.68 ZZ.88 1.80 7Z.08
9 2488.88 767.?6 12.88 23.08 3.88 26.88
to 2788.88 748.29 18.68 25.88 4.88 26.88

Ctrl-ENTER To SEPT DATA
ESC to Matt Menu

ALTITUDE REFERENCE MSL
UNITS Alt-> m :: P-> mb 1: T-> C :: M-> RH(Q.) H: USP-> W•s 'H UDir-> deg

Figure 78. Editing Buffer in the Radiosonde Data Entry Program for Entering and Editing
Radiosonde Data

After entenng the desired changes. hit CTRL-ENTER to accept the changes. The
Radiosonde Data Entry Program then returns to the "popup" menu previously shown in
Figure 77. Hit ESC to return to the Main Menu. Note that CTRL-ENTER simply saves the
changes within the program's editing buffer. but it does not save the changes into the data file. To
do this, select the "Save Data File" option in the Main Menu (see Section 10.4). To exit to the
Main Menu and not save any of the changes made in the editing buffer. Mit ESC. The program
asks the user to confirm the exit because all changes are lost.

When the user hits CTRL-ENTER to accept the changes mi the editing buffer. the
Radiosonde Data Entry Program verifies that the radiosonde data are within their range limits (see
Table 22) and that they are entered in sequence. If an error is discovered, the program displays an
error message similar to the one shown in Figure 79. The error message includes the value of the
parameter out of range is given. followed by the applicable range and the row number containing
the error. Note that the error message is not displayed until the user hits CTRL-ENTER to accept
the changes in the editing buffer. Furthermore. the error message remains on the screen until the
user corrects the problem and hits CTRL-ENTER a second time. In addition to range checking,
the Radiosonde Data Entry Program makes sure that altitude and pressure data are entered in the
correct sequence. Specifically. altitudes must be entered in increasing order and pressures must be
cntered in decreasing order. (The program does not check for hydrostatic equilibrium, however.)
Currentl,,. the program only displays the first error it encounters. Subsequent errors are riot found
until the user tries to exit again.



R-DIOSONDE DATA ENTRY
UIND

ALTITUDE PRESSURE TEMPEPATURE MOISTURE SPEED DIRECTION
!D r ) ( ,b ) ( C ) ( RH(:-.) ) ( m/s ) ( deg

1 -28.88 1885.88 27.98 64.08 11.80 128.88
12 380 88 988.93 23.70 78.88 12.88 123.88
3 688.88 947.81 1.9.68 85.88 11.88 121.88

A 980.80 915 1' 17.8e 82.88 7.80 111.88
5 1288.86 883.96 j6 26 72.88 4.80 74.88
6 1588.88 853.38 14.20 69.88 4.88 46.88
7 1880.88 823.68 13.88 48.88 2.88 81.88
8 7188,88 795.83 14.68 22.88 1.88 72.88
9 2488.88 767.26 12.80 23.88 3.08 26.88

2780.88 740.29 18.68 25.88 4.88 26.88

Ji DATA ERROR?
Altitude = -20. Out of Range: 8.0 to 188888.8 Row I

CtrI-EMTER To ACCEPT DATA
ESC to Main Menu

ALTITUDE REFERENCE HSLSUNITS Alt-> m :: P-> mb ,: T-> C 1: M-> RH(X.) 11 WSP-> m/s ,--WDir-> deg

Figure 79. Sample Error Message When A'titude Data Are Out of Range

10.3 Create a Radiosonde Data File

This option in the Radiosonde Data Entry Program creates a new radiosonde data file
(.rsd). It is very similar to the "Edit Data" option because radiosonde data are entered in the
program's editing buffer (Section 10.2).

To create a new radiosonde data tile, select the "Create New Data File" option from the
Main Menu. The user must then enter the radiosonde file, as shown in Figure 80. Type the desired
file name and press Fl. (The file name is automatically given a .rsd extension.) If the file already
exists. the Radiosonde Data Entry Program informs the user and then displays the size of the file,
as well as last time it was modified. The user can still accept the file name by hitting Fl or return
to the Main Menu by hitting ESC.

After establishing the radiosonde data file name. Radiosonde Data Entry Program displays
the editing buffer previously shown in Figure 78. To enter radiosonde data and save it in the
editing buffer, use the commands that were described in Section 10.2. Note that the "Create New
Data File" option does not. by itself, remove any existing radiosonde data in the editing buffer. To
clear the editing buffer, use the "Delete Current Data" option in the Main Menu (see
Section 10.5).



RADIOSONDE DATA ENTRY

REATE Data File Name

CREATE DATA FILE -> TEST .RSD

F1 to Accept File Name. ESC to Main Menu

NOTE : New Files of Size 0 Byte's CREATED Here

Figure 80. Prompt in the Radiosonde Data Entry Program for Creating a New Radiosonde Data
File

10.4 Save Data File

To save radiosonde data in a new or existing file. choose the "Save Data File" option from
the Main Menu. This option must be selected to save any changes made in the editing buffer.
When "Save Data File" option is selected, the progiam displays a window that shows the current
file name. its size and the time it was last modified. ;is shown in Figure 81. Hit Fl to save the data
to this file. After the data are saved, the user is returned to the Main Menu. To select a different
file name. hit F2. Type the desired file name at the prompt and press RETURN. To return to the
Main Menu and not save the data, hit ESC.

10.5 Delete Current Data

This option in the Main Menu deletes the e:cisting radiosonde data from the editing buffer.
Because radiosonde data remain in the editing biffer (after exiting with CTRL-ENTER). this
option can be helpful when the user wants to start with an empty editing buffer and create a new
radiosonde data fle.

To delete radiosonde data from the editiig buffer, choose the "Delete Current Data"
option from the Main Menu. The program prompts the user to confiim the action. Hit Fl to
continue or ESC to abort. Note that this option does not. however, delete the current radiosonde
data file from the working directory.

100



PIOSOMDE DATA ENKRY

E RADIOSONDE DATA - .

FILE RAIKI.RSD EXISTS. Size= 3323.
Tioee Nodified : Fri Mar 28 16:17:28 1`1921

F1 to Accept Fi le Name. F2 To Change Name
ESC foar M Action

NOTE Newly CREATED Files Uill Be Size 8 Bytes and EXIST

Figure 81. Information Shown By the Radiosonde Data Entry Program When the "Save Data
File" Option Is Selected. The radiosonde data are saved to a .rsd file

10.6 Quit/Restart

This option either quits the Radiosonde Data Entry Program or restarts it with all
parameters reset to their default values. When this option is selected, the program displays the
message shown in Figure 82. Hit Fl to return to the Main Menu or hit F2 to restart the program
with all the parameters reset to their default values. To confirm the quit and exit the Radiosonde
Data Entry Program, hit ESC. Note that before quitting, any created and edited radiosonde files
must be saved with the "Save Data File" option in the Main Menu, if desired.

After exiting the Radiosonde Data Entry Program, the menu shown in Figure 83 appears
whenever the program was accessed from BACKSCAT's menu interface system. The user can
choose to exit to DOS or return to BACKSCAT's menu interface. If the "Run BACKSCAT
Menu Program" option is selected. the initial startup screen of BACKSCAT Version 4.0 appears
displayed. not the Atmospheric Conditions Submenu from which the Radiosonde Data Entry
Program was executed. The prior lidar system parameters, viewing conditions parameters, and the
atmospheric conditions are retained however. To use a (just created) radiosonde data file, the user
must enter the Atmospheric Conditions Submenu. select radiosonde data as the source for
Rayleigh scatteringlwind field, and then specify the radiosonde data file name.
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DIOSMDEDATA MvitRv -----------

"ONFIRM QUIT

ESC to CONFIRM QUIT
F1 for No Action

FZ to RESTART. WARNING : Resets To Default Units.

""MAKE SURE YOU SAVED ALL CREATED AND CHANGED FILES?*

Figure 82. Message Displayed by the Radiosonde Data Entry Program When the "Quit/Restart"
Option Is Selected

SI Exit to DOS
Run BACMSCAT Menu Program

Figure S3. Menu for Exiting to DOS or Running BACKSCAT's Menu Interface System After
Leavine the Ridiosonde Data Entrv Prouram
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I I SI\J.1ARY AND RECOMMENDATIONS FOR FUTURE EFFORTS

11.1 Summary

SPARTA's BACKSCAT software package simulates the performnance of lidars for remote
-,ensinn and other atmospheric applications. The package accommodates a wide range of lidar
-,;'stems. vie%,,in scenarios. and atmospheric conditions. plus it Contains a user-friendlv menu
intertace s,,stem to r specifying the required input parameters. This report gives technical
documentation and a Users Guide for BACKSCAT Version 4.0.

In this effort. the capabilities ot BACKSCAT have been expanded with the development
of comprehensive and versatile signal-to-noise performance models. The signal-to-noise (SNR)
models give performance and range accuracy estimates for direct detection and coherent Doppler
lidar systems. Estimates of the wind speed accuracy are also provided for coherent Doppler
systems. The models contain all important noise sources inherent in the detection process.
Additionally. the models alhw the user to select trom five built-in detectors. as well as define their
ow,%n detector specificatuons.

In response to the user community, water clouds have been added to BACKSCAT's
simulation capabilities. Althou,-h they can be represented with the existing user-defined aerosol
option in BACKSCAT. water clouds now can be "clicked on"' automatically as built-in cloud
models. For the most part. the physical properties m' water clouds are c.nsistent with those in
LO\VTR A N

An aiuxiliarv softtware package has been included with the BACKSCAT package which
stinmates the mn.ecular absorption protile tor a particular lidar %%avelength. The molecular

absorption rackage has been nicknamed mah\ ana Lenerates output that can be directly used in a
simulation. Ihe spectral resolution ot mawh. probabl\ exceeds that ot most lidars. so the package is
not intended t,, be a complete treatment ot the molecular absorption problem.

Finally. method., ot dealing with the increa•sed size ot the BACKSCAT package have been
introduced. For example. the distrbution diskettes include a rudimentary installation utility that
reduces the amount Ot user intervention %%hen BACKSCAT is installed. Because BACKSCAT has
encroached kn the 640 Kbvte limit of DOS. the ,,cience portions of the code !hack,.AUar.t'.1W and
iv, rw'r. have been compiled in protected mode and executed with the Phar Lap 2S6/DOS-
Extender;" Run rime Kit. This solution to the memory problem does not alter the execution of
BACKSCAT. Hlowkever. users who \,ish to recompile a•kat'ar.t'.c.e and u,.raer.'ex' must have the
Phar Lap .s•ottware available and bind it %%ith the protected mode programs.

11.2 Recommendations for Future Efforts

Future BACKSCAT etforts should include upgrades to the SNR performance model.
-additional lIJr systems, and \ays to improve the performance of the BACKSCAT package.

Because it %.%as not considered in BACKSCAT V\Version 4.0. the SNR perform•ance model should
be upgraded to) include turbulence effects. Turbulence etfects can cause a substantial loss in signal
and greatly reduce the effectiveness of t.nv lidar svstern.

The ,imulaton capabilities of BACKSCAT should be expanded to include other lidar
,,\stems ot interest to Phillips LaboratorN. These lidar sy\stems include scanning continuous wave



ICN,,, and DIAL systems. To develop a SNR performance model for scanning CW lidar systems,
the charactenstic par.,meters are the scan rate. total field-of-view, and instantaneous field-of-view.

BACKSCAT'\ menu interface system should include an on-line help feature. This on-line
help \k )uld co)nsis t o tt,, parts: First. it would tell users how to use th. options in BACKSCAT.
Second. it %%ould give descriptions oft the input parameters. The second form of on-line help will
becoine more necessary a, BACKSCAT expands its simulaton capabilities to specific lidar
,,vstemls.

Final]%. BACKSCAT should be transformed into a mult-platform appiication (PC's using
NIS Windows. SUN. SGI. HP wkorkstations. etc.). This could be accomplished with commercial
Graphical User Interface iGLU' sottware that has applicable libraries for the computer platforms
of interest. With this approach. the :nterface is only created once and it will look the same on
different computers. To port BACKSCAT. the code would have to be recompiled with the
atorementioned applicable GUI libra-y on the target system. ks a complete MS Windows

application. BACKSCAT %ould not have to rely on Phar-Lap's DOS Extender to solve DOS's
memory imits.
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Appendix A
DESCRIPTION OF INPUT AND OUTPUT FILES IN B\CKSCAT VERSION 4.0

A number of data files are involved in Version 4.0 ot the PACKSCAT package. Some
Files are required to run the code and others can be op 'ctally created and accessed by the user.
Table A- 1 gives short descriptions of the data files that are invoived in the BACKSCAT package.
Detailed descripnons are given in the remainder of this appendix.

Table A- I. Description ot Data Files Involved in the BACKSCAT Version 4.0 Package

USER
FILENAME DESCRIPTION 1/0 SPECIFIED
standard..Ml Aerosol and molecular extinction protiles Input No

at 0.55 ý.tm
Model.aer Aerosol wavelength scaling factors (27 Input No

wavelengths and 37 aerosol/cloud types)
""models. ram Molecular constituent profiles for six Input No

model atmospheres
models. itna Wind protiles for six model atmospheres Input No
indexof ret Complex indices otrefraction for six Input No

aerosol types
molecule.abs Molecular absorption parameters Input No
mabs. it Sample input tile for inabs Input Yes
bscatv4.1't1 Sample propagation profile file for aerosol Input/ Yes/No

backscatter lidar systems Output
hscati'4. rpt Sample piopagation profile file for Rarnan Input/ Yes/No

scattenng lidar systems Output
bhcar'44.dpf Sample propagation profile tile for Input/ Yes/No

coherent Doppler lidar systems Output
bscatv4.ct" Sample contiguration file Input Yes
bwan44.ldr Sample lidar system file Input Yes
bscun'4.det Sample user-defined detector file Input Yes
bscan'4. vuvt Sample viewing conditions tile Input Yes
bscarv4. arm Sample atmospheric conditions file Input Yes
bscari4. lay Sample user-defined aerosol layer file Input Yes
bsantv4..Nz Sample file ot particle radii and number Input Yes

densities tor a user-defined aerosol laver
b.scanr4.rxd Sample radiosonde tile Input Yes
bscan,4.log' Sample log tile Output No
bscari4.dai Sample output data tile Output No
!)scatn4.rev Sample molecular absorption data file Input Yes

1(07



.A. I Hardwired Input Data Files

The tiles .•tandard..( i. models,aer. models.ram, models wnd, bidexorl ref, and
mol • hid.ab,% contain data that descinbe the state of the atmosphere. These files are included with
the BACKSCAT Version 4.0) package and the user should not alter them.

'The file standard.,%cl contains molecular scattering and aerosol extinction profiles to be
used to produce the propagation profile when a simulation uses BACKSCAT's built-in
atinnospheres. The file is based on data from Table 18-10(a) in the Handbook of Geophysics.2

The tile motdels.aer contains the wavelength scaling factors for 37 aerosols and clouds.
Scaling factors are given for the extinction and absorption coefficients. backscattering phase
tunction. and asymmetry parameter. The tile contains data at 27 wavelengths for each
aerosol/chOL' type. Using various interpoiation schemes. these data provide the aerosol/cloud
properties at the desired lidar wavelength.

The tile models.ram contains the constituent profiles for six model atmospheres (tropical.
midlatitude summer. midlatitude winter, subarctic summer, subarctic winter, and the 1976 US
Standard Atmosphere). The data tile is used in Raman simulations. The columns of data are
altitude (km). pressure (mb). temperature (K). molecular number density (cm-31. water vapor
volume mixing ratio (ppmv). and ozone volume mixing ratio (ppmv).

The tile rnodels.wnd contains wind profiles for six model atmospheres. The data tile is
used for coherent Doppler simulations in which the Rayleigh scattering and wind field come from
BACKSCAT's built-in atmospheres instead of radiosonde data. The columns of data are altitude
km) followed by wind speed (m s- I) and direction (deg) for each model atmosphere.

The tile indexof ref contains the complex indices of refraction for six built-in aerosols.
Used in the user-defined aerosol option, the tile gives wavelength dependent data for water, ice.
dust. maritime aerosols. background stratospheric aerosols. and smoke. The data for water. ice.
dust. and maritime aerosols are taken from Table 18-9(a) and Table 18-9(b) in the Handbook of
Geophysics:2 the data for background stratospheric aerosols come from Hummel etal.: 'and
those for smoke come from Deepak and Gerber.20

Finally, the tile molecule.abs contains molecular absorption parameters for the inabs
package. The contents of this tile come from block data statements in the LOWTRAN7 source
code. Generally. molecular absorption is expressed as a function of wavenumber for different
atmospheric gases. For brevity, the parameters and units of the data are not given here because
the methods of specifying molecular absorption depend on the gas being considered.

A.2 Optional Propagation Profile Data Files

;n BACKSCAT. propagation profile data files describe the state of the atmosphere in
terms of the parameters that are used to evaluate the lidar equation. These tiles are optional

• Hummel. J.R.. Shettle. E.P.. and Longtn. D.R. (1988) "A New Background Stratospheric
Aerosol Model tor Use in Atmospheric Radiation Models," Air Force Geophysics Laboratory.
Hanscom AFB. MA. AFGL-TR-88-0166. ADA 179611.

- Deepak. A.. and Gerber. H.E. eds. 11983) "Report of the Experts Mleeting on Aerosol and
Their Climate Effects (WCP-55L." World Meteorological Organization. Geneva. Switzerland.
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because the user can supply one that has been generated off-line or BACKSCAT will create one
during the lidar simulation. The parameters in the propagation profile data files depend or, the
lidar system being used.

A.2.1 Aerosol Backscatter Lidars

For aerosol barkscatter lidar systems. the propagation profile data file contains profiles ofthe aerosol and molecular attenuation coefficients at the lidar wavelength. As mentioned
previously, BACKSCAT creates this file during a simulation or the user can supply one that has
been generated off-line. Propagation profile files for aerosol backscatter Uidar systems are denoted
with the extension ,pfl. Figure A-I shows a sample propagation profile for the default conditions
in BACKSCAT Version 4.0. For aerosol backscatter lidar systems, propagation profile files
consist of seven free-formatted columns where:

Column 1: Altitude (km MSL)
Column 2: Aerosol extinction coefficient (km-1)
Column 3: Aerosol scattering coefficient (km- 1)
Column 4: Aerosol absorption coefficient (kn- 1)
Column 5: Aerosol backscatter coefficient (m- lsr- 1)
Column 6: Molecular scattering coefficient (kin- 1)
Column 7: Molecular backscatter coefficient (m- Isr- 1)

If the user generates a propagation profile file off-line, the data must be in the order given above
with altitudes in increasing order. Also, the user must be sure that the minimum and maximum
altitudes encompass the full altitude range of the simulation. Currently BACKSCAT limits the
number of altitudes to one hundred.

A.2.2 Raman Lidars

For Raman lidar systems, the propagation profile data file contains profiles of the number
density and cross section of the Raman molecule, and the aerosol and molecular attenuation
coefficients at the lidar and Raman wavelengths. As mentioned previously, BACKSCAT creates
this fie during a simulation or the user can supply one that has been generated off-line.
Propagation profile files for Raman lidar systems are denoted with the extension .rpf. Figure A-2
shows a sample propagation profile file for the default conditions in BACKSCAT Version 4.0.For Raman lidar systems, propagation profile files consist of eleven free-formatted columns
where:
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.00 I.580E-01 1.494E-01 8.560E-03 3.466E-06 1.100E-02 1.295E-06
1.00 9.910E-02 9.373E-02 5.369E-03 2.174E-06 1.OOOE-02 1.177E-06
1.50 7.920E-02 7.491E-02 4.291E-03 1.737E-06 9.550E-03 1.124E-06

CO 5.210E-02 5.874E-02 3364E-03 1.362E-06 9.100E-03 1.071E-06
3.00 2.720E-02 2.621E-02 9.928E-04 5.918E-07 8.200E-03 9.653E-07
4.00 1.200E-02 1.156E-02 4.380E-04 2.611E-07 7.440E-03 8.759E-07
5. C 4.850E-03 4.673E-03 2 .770E-0,I f.035±-07 6.72"E-07 7.92j-07
6.00 S.540E-03 3.411E-03 !.292E-04 7.702E-08 t.080E-03 7.157E-07
e-00 2.300E-03 2.216E-03 8.395E-05 5.004E-08 5.470E-03 6.439E-07
3.00 1.410E-03 1.359E-03 5.147E-05 3.068E-08 4.920E-03 5.792E-07
9.00 9.800E-04 9.442E-04 3.577E-05 2.132E-08 4.400E-03 5.180E-07

i0.00 7870E-04 7.870E-04 4.658E-11 1.124E-08 3.930E-03 4.626E-07
i1.00 7.140E-04 7 240E-04 4.226E-11 1.020E-08 3.500E-03 4.120E-07
12.00 6.630E-04 6.630E-04 3.924E-11 9.468E-09 3.110E-03 3.661E-07
13.00 6.220E-04 6.220E-04 3.682E-11 8.882E-09 2.740E-03 3.226E-07
14.00 6.450E-04 6.450E-04 3.818E-11 9.211E-09 2.420E-03 2.849E-07
15.00 6.430E-04 6.430E-04 3.806E-11 9.182E-09 2.120E-03 2.496E-07
16.00 6.410E-04 6.410E-04 3.794E-11 9.153E-09 1.840E-03 2.166E-07
17.00 6.010E-04 6-O1OE-04 3.557E-11 8.582E-09 1.570E-03 1.848E-07
18.00 5.630E-04 5.630E-04 3.332E-11 8.040E-09 1.300E-03 1.530E-07
19.00 4.920E-04 4.920E-04 2.912E-11 7.026E-09 1.070E-03 1.260E-07
20.0C 4.230E-04 4.230E-04 2.504E-11 6.040E-09 8.920E-04 1.050E-07
21.00 3.520E-04 3.520E-04 2.084E-II 5.027E-09 7.440E-04 8.759E-08
22.00 2.960E-04 2.960E-04 1.752E-11 4.227E-09 6.220E-04 7.322E-08
23.00 2.420E-04 2.420E-04 1.432E-11 3.456E-09 5.270E-04 6.204E-08
24.00 1.900E-04 1.900E-04 1.125E-11 2.713E-09 4.470E-04 5.262E-08
25.00 1.500E-04 1.500E-04 8.879E-12 2.142E-09 3.790E--04 4.462E-08
26.00 1.150E-04 1.150E-04 6.807E-12 1.642E-09 3.200E-04 3.767E-08
2.7.00 3950E-05 8.950E-05 5.298E-12 1.278E-09 2.700E-04 3.178E-08

28.00 6.700E-05 6.700E-05 32966E-12 9.568E-10 2.290E-04 2.696E--08
29.00 5.200E-05 5.200E-05 3.078E-12 7.426E-10 1.940E-04 2.284E-08
30.00 3.320E-05 3.303E-05 1.680E-07 2.029E-09 1.650E-04 1.942E-08
35.00 1.650E-05 1.642E-05 8.348E-08 1.008E-09 7.040E-05 8.288E-09
40.00 8.000E-06 7.959E-06 4.041E-08 4.889E-10 3.920E-05 4.615E-09
4S .00 4 .020E-06 4 .000E-06 2.034E-08 2 .457E-10 1.960E-05 2 .307E-09
50.00 2.100E-06 2.089E-06 1.062E-08 1.283E-10 1.030E-05 1.213E-09
55.00 ".090E-06 1.084E-06 5.514E-09 6.661E-11 5.650E-06 6.651E-10
60.00 5.780E-07 5.751E-07 2.924E-09 3.532E-11 3.080E-06 3.626E-10
65.00 3.050E-07 3.034E-07 1'543E-09 1.864E-11 1.670E-06 1.966E-10
70.00 1.600E-07 1.592E-07 8.095E-10 9.777E-12 8.650E-07 1.018E-10
75.00 6.950E-08 6,91SE-03 3.516E-10 4.247F-12 4.210E-07 4.956E-11
80.00 2.900E-08 2.885E-08 1.467E-10 1.772E-12 1.940E-07 2.284E-11
85.00 1.200E-08 1.194E-08 6.071E-11 7.333E-13 8.1IOE-08 9.547E-12
90.00 5.100E-09 5.074E-09 2.580E-11 3.116E-13 3.170E-08 3.732E-12
95.00 2.150E-09 2.139E-09 1.088E-11 1.314E-13 1.220E-08 1.436E-12

100 .00 9.300E-10 9.253E-10 4.705E-12 5.683E-14 4.950E-09 5.827E-13

Figure A-I. Sample Propagation Profile File bscazv4.pfl for an Aerosol Backscatter Lidar System
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Figure A-2. Sample Propagation Profile File bscan,4.rpf for a Raman Lidar System

Column 1: Altitude (km MSL)
Column 2: Number density of Raman molecule (cm"3 )
Column 3: Raman scattering cross section (cm 2 sr- 1)

Column 4: Aerosol extimction coefficient at lidar wavelength (km- 1)
Column 5: Aerosol backscatter coefficient at ldar wavelength (m- I 1s
Column 6: Molecular scattering coefficient at lidar wavelength (ikm- 1)
Column 7: Molecular backscatter coefficient at lidar wavelength (m- Isr' )
Column 8: Aerosol extinction coefficient at Raman wavelength (km-lI)

Column 9: Aerosol backscatter coefficient at Raman wavelength (m lsr- 1)
Column 10: Molecular scattering coefficient at Raman wavelength (knY I

Column 11: Molecular backscatter coefficient at Raman wavelength (m I sr 1I

If the user generates a propagation profile file off-line, the data must be in the order given above
with altitudes in increasing order. As mnentioned in the main text, the file must contain the first
three columns of data and the last eWht colunis are optional. If the last eight columns are not
included. BACKSCAT uses its built-in values. Also, the user must be sure that the minimum and
maximum altitudes e compass the full altitude range ot the simulanon, Currently. the code lirmts
the number of altitudes to one hundred.
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A.2.3 Coherent Doppler Lidars

For coherent Doppler lidar systems, the propagation profile data file contains profiles of
the aerosol and molecular attenuation coefficients at the lidar wavelength, plus an existing wind
field. As mentioned previously, BACKSCAT creates this file during a simulation or the user can
supply one that has been generated off-line. Propagation profile files for coherent Doppler lidar
systems are denoted with the extension .dpf Figure A-3 shows a sample propagation profile for
the default conditions in BACKSCAT Version 4.0 for a CO2 coherent Doppler lidar. For coherent
Doppler lidar systems, propagation profile files consist of nine free-formatted columns where:

Column 1: Altitude (km MSL)
Column 2: Aerosol extinction coefficient (kin- 1)
Column 3: Aerosol scattering coefficient (km- 1)
Column 4: Aerosol absorption coefficient (km- 1)
Column 5: Aerosol backscatter coefficient (m- Isr- 1)
Column 6: Molecular scattering coefficient (kin- 1)
Column 7: Molecular backscatter coefficient (m- lsr- 1)
Column 8: Wind Speed (m s-l)
Column 9: Wind Direction (deg)

If the user generates a propagation profile file off-line, the data must be in the order given above
with altitudes in increasing order. Also. the user must be sure that the minimum and maximum
altitudes encompass the ýul altitude range of the simulation. Currently, BACKSCAT limits the
number of altitudes to one hundred.

A.3 Optional Input Files for Groups of Related Parameters

Some of the files in Table A- I contain the input data for groups of related parameters.
"Trhese files include the configuration. lidar system, detector, viewing conditions, and atmospheric
conditions files. In the BACKSCAT package, these files are used to save and recall the
specifications for a particular BACKSCAT simulation. Note that these data files are optional and
they can be created with the menu interface system or a standard text editor. Furthermore, these
tiles can be used for simulations with or without the menu interface system, and in batch mode.

Table A-2 describes the format of a configuration file and shows a sample configuration
tile. Likewise. Tables A-3, A-4 A-5. and A-6 describe the formats and give samples of the
detector. lidar system. atmospheric conditions. and viewing conditions files. respectively. The
sample files, which are included on the distribution diskettes, correspond to the default values in
BACKSCAT Version 4.0.
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.00 1.255E-02 7.426E-03 S.±26E-03 1075E-07 7.669E-08 9.028E-12 5.100E+00 7.870E+01
1.00 7 873E-03 4.658E-03 3.215E-03 6.745E-08 6.972E-08 8.207E-12 6.550E+00 8.435E+01
1.50 6.292E-03 3.722E-03 2.570E-03 S.391E-08 6.658E-08 7.838E-12 7.275E+00 8.718E÷01
2.00 4.934E-03 2.919E-03 2.015E-03 4.227E-08 6.344E-08 '/.469E-12 8.OOOE+00 9.OOOE+01
3.00 3 .552E-04 1.940E-05 3 .35SE-04 I.568E-09 5.717E-08 6.730E-12 7.500E+00 9 .000E+01
4.00 1.567E-04 8.557E-06 1.481E-04 6.917E-10 5.187E-08 6.106E-12 7.000E+00 9.OOOE+01
5.00 6 .333E-05 3.459E-06 5 .988E-05 2.796E--10 4.692E-08 5.524E-12 6.050E+00 9.565E+01
6.00 4.623E-05 2,524E-06 4.370E-05 2.041E-10 4.239E-08 4.990E-12 5.100E+00 1.013E÷02
>.00 3.003E-05 1.640E-06 2.839E-05 1.326E-10 3.814E-08 4.489E-12 3.650E÷00 1.089E÷02
8.00 1.841E-05 1.005E-06 1.741E-05 8.128E-:1 3.430E-08 4.038E-12 2.200E+00 1.166E+02
9.00 1-280E-05 6.988E-07 !.ZIOE-05 5.649E-11 3.068E-08 3.611E-12 1.600E+00 1.483E+02

10.00 3.195E-OS 2.136E-07 3.174E-05 2.450E-11 2.740E-08 3.226E-12 1.00OE+00 1.800E+02
11.00 .8991E-05 1.938E-07 2.880E-05 2.223E-11 2.440E-08 2.873E-12 2.OOOE+00 2.250E+02
12.00 2.692E-05 1.799E-07 2.674E-05 2.064E-11 2.168E-08 2.553E-12 3.000E+00 2.700E+02
13.00 2.52SE-05 1.688E-07 2.508E-05 1.936E-11 1.910E-08 2.249E-12 4.050E300 2.756E+02
14.00 Z.619E-OS 1.751E-07 2.601E-05 2.008E-11 1.687E-08 1.986E-12 5.100E+00 2,813E+02
15.00 2.811E-05 1.745E-07 2.593E-05 2.002E-11 1.478E-08 1.740E-12 2.550E+00 3.206E+02
16.00 2.603E-05 1.740E-07 2.585E-05 1.996E-11 1.283E-08 1.510E-12 0.OOOE+00 0.000E+00
17.00 2.440E-05 1.631E-07 2.424E-05 1.871E-11 1.095E-08 1.289E-12 4.000E100 4.500E+01
18.00 2.286E-05 1.528E-07 2.271E-05 1.753E-11 9.063E-09 1.067E-12 8.000E+00 9.000E+01
19.00 1.998E-05 1.335E-07 1.984E-05 I. 532E-11 7.460E-09 8.782E-13 1.OOOE+01 8.760E+01
20.00 1.717E-05 1.148E-0 7  

1.706E-05 1.317E-11 6.219E-09 7.321E-13 i.200E+01 8.520E+01
21.00 1.429E-05 9.554E-08 1.420E-05 1.096E-11 5.187E-09 6.106E-13 1.200E+01 9.000E+01
22.00 1.202E-05 8.034E-08 1.194E-05 9.215E-12 4.336E-09 5.105E-13 1.200E+01 9.480S+01
23.00 9.826E-06 6.568E-08 9.760E-06 7.534E-12 3.674E-09 4.325E-13 1.300E+01 9.445E+01
24.00 .7714E-06 5.157E-08 7.663E-06 5.915E-12 3.116E-09 3.669E-13 1.400E÷01 9.410E+01
25.00 6.090E-06 4-071E-08 6.049E-06 4.67DE-12 2.642E-09 3.111E-13 1.450E+01 9.395E+01
26.00 4.669E-06 3.121E-08 4.638E-06 3.580E-12 2.231E-09 2.626E-13 1.500E+01 9.380E+01
27.00 0.634E-06 2.429E-08 3.609E-06 2.786E-12 1.862E-09 2.216E-13 1.700E+01 9.340E+01
28.00 2.720E-06 1.814E-08 2.602E-06 2.786E-12 1.597E-09 1.980E-13 1.900E+01 9.300E+01
Z9.00 2.111E-06 1.41!E-08 2.097E-06 1.619E-12 1.353E-09 1.592E-13 2.050E+01 9.280E+01
30.00 8. IOE-06 1.458E-06 6.653E-06 4.503E-11 1.150E-09 1.354E-13 2.200E+01 9.260E+01
35.00 4 .031E-06 7,247E-07 3.307E-06 2.238E-11 4.908E-10 5.778E-14 2.900E+01 8.805E+01
40.00 1.954E-06 3.514E-07 1.603E-06 1.085E-11 2.733E-10 3.217E-14 3.300E÷01 9.170E+01
45.00 9.820E-07 1.766E-07 8.056E-07 5.452E-12 1.366E-10 1.609E-14 3.565E+01 9.560E+01
50.00 5.130E-07 9.224E-08 4.208E-07 2.848E-12 7.181E-11 8.454E-15 3.510E÷01 9.490E+01
55.00 2.663E-07 4.788E-08 2.184E-07 1.478E-12 3.939E-11 4.637E-15 1.845E+01 1.035E+02
60.00 1.412E-07 2.539E-08 1.158E-07 7.839E-13 2.147E-11 2.528E-15 1.400EQ0O 2.250E+02
65.00 7.451E-08 1.340E-08 6.112E-08 4.137E-13 1.164E-11 1.371E-15 1.400E+00 2.250E+02
70.00 3.908E-08 ?.028E-09 3 .206E-08 2.170E-13 6.031L-12 7.099E-16 1.400E+00 2.250E+02
75.00 1.698E-08 3.053E-09 1.393E-08 9.426E-14 2.935E-12 3.455E-16 1.400E+00 2.250E+02
80.00 7.084E-09 1.274E-09 5.812E-09 3.933E-14 1.353E-12 1.592E-16 1.400E+00 2.250E+02
85.00 2.931E-09 5.271E-10 Z.405E-09 1.628E-14 5,654E-13 6.656E-17 1.400E+00 2.250E+02
90.00 1.246E-09 2.240E-10 1.022E-09 6.917E-15 2,210E-13 2.602E-17 1.400E+00 2.250E+02
95.00 5.252E-10 9.443E-11 4.309E-10 2.916E-15 8.506E-14 1.001E-17 1.400E+00 2.250E+02

100.00 2.272E-10 4.085E-11 1.964E-10 1.261E-15 3.451E-14 4.063E-18 1.400E+00 2.250E+02

Figure A-3. Sample Propagation Profile File bscatv4.dpf for a Coherent Doppler Lidar System.
The lidar wavelength is 10.6 4m
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Table A-2. BACKSCAT Configuration File. (a.) Description of Parameters

RECORD FORMAT DESCRIPTION
I (4X.A8) Name of lidar system file
2 (4X.A8) Name of viewing conditions file
3 (4X.A8) Name of atmospheric conditions file
4 (4X.AS) Name ot aerosol backscatter propagation profile file
5 (4X.A8) Name of molecular absorption file, if used
6 (12.2X.A8) Flag for user-defined aerosol layer (l=yes, 0=nIo)

Name of user-defined aerosol layer file
7 (4X.A8) Name of output log file
8 (4X.A8) Name of output data File
9 (L2.L2,I2.A8) Logical flag indicating propagation profile source

T = Built-in aerosol models
F = User-supplied data

Logical flag indicating rayleigh scattering
T = Rayleigh scattering included
F = Rayleigh scattering not included

Model atmosphere number
I = Tropical
2 = Midlatitude summer
3 = Midlatitude winter
4 = Subarctic summer
5 = Subarctic winter
6 = U.S. standard
>6 = Radiosonde profile (uses radiosonde data file)

Name of radiosonde data file
10 (212.2X.A8) Index to identify Raman system & Raman molecule

0 = Not Raman scattering lidar
I = Raman lidar with nitrogen
2 = Raman lidar with carbon dioxide
3 = Raman lidar with water vapor
4 = Raman lidar with ozone
5 = Raman lidar with molecular oxygen

Source of Raman molec'iiar concentration profile
0 User-defined tile
I Tropical
2- Midlatitude summer
3 = Midlatitude winter
4 = Subarctic summer
5 Subarctic winter
6 = U.S. standard

Name of Raman scattering propagation profile file
11 (L2.4X.A8) Flag indicating coherent Doppler system (T=yes. F=no)

Name of coherent Doppler propagation profile fle
12 (A64) Directory path for BACKSCAT data files
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Table A-2. (cont.) (b.) Sample File Listing of bscatv4.cfg

none Lidar System File
none Detector File
none Viewing Conditions File
none Atmospheric Parameters File

DEFAULT Aerosol B-sct Propagation Profile File
(NONE) Molecular Absorption File

0 none Flag, User-Defined Aerosol Layer File
DEFAULT Simulation Log File
DEFAULT Simulation Output File

T T 1 Flags, Model Atm #, Rawinsonde File
0 1 DEFAULT Raman Molecule, Concentration and Prop File
F DEFAULT Coherent Doppler Flag and Propagation File
C: \BSCAT\DATA\

Table A-3. BACKSCAT Detector File. (a.) Description of Parameters

RECORD FORMAT DESCRIPTION

I (F 15.5) Quantum efficiency (-)
2 (F15.5) Current gain (-)
3 (F15.f) Detector excess noise factor (-)
4 (F15.5) Spectral NEP (Watts/Hz'/2)
5 (F15.5) Anode dark current (namp)
6 (F15.5) Load resistor (ohin)
7 (F15.5) Effective load temperature (K)
8 (F15.5) Other amplifier/detector noise (namp)

Table A-3. (b.) Sample File Listing of bscatv4.det

0.15462 Quantum Efficiency (-)
1.80000e+005 Current Gain (-)

1.20000 Detector excess Noise Factor (-)
0.00000e+000 Spectral NEP (W/sqrt(Hz)

0.00000 Anode Dark Curr-ent (namn)
0.00000 Load Resistor (ohm)
0.00000 Effective Load Temperature (K)
0.00000 Other Amplifier/Detector Noise (namp)
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Table A-4. BACKSCAT Lidar Systems File, (a.) Description of Parameters

RECORD FORMAT DESCRIPTION
I (E15.5) Lidar wavelength (min)
2 (E1 5.5) Pulse energy (J)
3 (E15.5) Pulse duration (psec)
4 (E15.5) Aperture diameter (cm)
5 (E 15.5) Obscuration diameter (cm)
6 (E 15.5) Transmitter optical efficiency (-)
7 (E 15.5) Receiver optical efficiency (-)
8 (E 15.5) Receiver field-of-view (prad)
9 (E15.5) Background radiance (Watts cm- 2 Lm"I1 sr-1)

10 (E15.5) Spectral filter width (A)
I1 (115) Type of detector flag

I =APD
2 = Dimpled APD
3 = PMT-Visible
4= PMT-UV
5 = HgCdTe
6 = User-defined with spectral NEP
7 = User-defined without spectral NEP

Table A-4. (b.) Sample File Listing of bscarv4.1dr

0.55000 Wavelength (microns)
1.00000 Pulse Energy (J)
1.00000 Pulse Duration (usec)

100.00000 Aperture Diameter (cm)
2.00000 Obscuration Diameter (cm)
1.00000 Transmitter Optical Efficiency (-)
1.00000 Receiver Optical Efficiency (-)

300.00000 Receiver Field-of-View (urad)
0.00000 B'ground Radiance (W/(m2*sr*um))
0.00000 Spectral Filter Width (A)

3 PMT-VIS (R636)
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Table A-5. BACKSCAT Atmospheric Conditions File, (a.) Description of Parameters

RECORD FORMAT DESCRIPTION
(11XII) Seasonal flag (1 = Fall/Winter, 0 = Spring/Summer)

2 (F 12.5) Boundary layer altitude (km MSL)
3 (1OX.I2) Boundary layer aerosol flag
4 (F12.5) Relative humidity at the surface (%)
5 (F12.5) Visibility at the surface (km)
6 (F 12.5) Wind speed at the surface (m/sec)
7 (F12.5) Altitude of the tropopause (km MSL)
8 (OX.I2) Tropospheric aerosol flag
9 (F12.5) Tropospheric relative humidity (%)
10 (F12.5) Altitude of the stratopause (km MSL)
11 (IOX.12) Stratospheric aerosol flag
12 (1OX.12) Stratospheric loading flag
13 (F 12.5) Top of model atmosphere (km MSL)
14 (0oX.12) Upper atmospheric aerosol flag
15 (10X.12) Upper atmosperic loading flag
16 (10X.12) Cloud flag

0 = None
I = Standard cirrus
2 = Subvisual cirrus
3 = Cumulus
4 = Altostratus
5 = Stratus
6 = Stratocumulus
7 = Nimbostratus

17 (F 12.5) Thickness of cloud (kin)
18 (F12.5) Base, altitude of cloud (kin)
19 (Fl12.5) Cloud extinction coefficient at 0.55 4m (kin 1)
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Table A-5. (cont.) (b.) Sample File Listing of bscatv4.atm

1 Season: I = F/W 2 = S/S
2.00000 Boundary Layer Height (km)

1 Type of Aerosol
70.00000 Relative Humidity (%)
23.00000 Surface Visibility (km)
10.00000 Wind Speed at 10 in (m/s)

9.00000 Tropopause Height (km)
13 Type of Aerosol

70.00000 Relative Humidity (%)
29.00000 Stratopause Height (km)

23 Type of Aerosol
1 Aerosol Loading

100.00000 Top of Atmosphere (km)
26 Type of Aerosol

1 Aerosol Loading
0 0=none,l=ci,2=subci,3=cu,4=al,5=st,6=sc,7=nb

1.00000 Cloud thickness (km)
10.00000 Cloud base (kin)
0.14000 Cloud extinction at 0.55

Table A-6. BACKSCAT Viewing Conditions File. (a.) Description of Parameters

RECORD FORMAT DESCRIPTION
1 (F12.5) Nearest range for simulation output (km)
2 (F12.5) Farthest range for simulation output (kin)
3 (F12.5) Range resolution for output (kin)
4 (F 12.5) Height of lidar system (km MSL)
5 (F12o5) Viewing azimuth angle (deg)
6 (F 12.5) Viewing elevation angle (deg)
7 (F12.5) Ground altitude (km MSL)
8 (F12.5) Surface albedo at lidar wavelength (-)

Table A-6. (b.) Sample File Listing of bscarv4.vuw

0.00000 Nearest Range (km)
100.00000 Farthest Range (km)

0.50000 Range Resolution (km)
0.00000 Sensor Height (kin)
0.00000 Viewing Azimuth Angle (deg)

90.00000 Viewing Elevation Angle (deg)
0.00000 Ground Altitude (kin)
0.25000 Surface Albedo
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A.4 Optional Input Files for User-Defined Aerosol Layers

Chapter 9 describes the option to add a customized aerosol layer to the assumed aerosol
profile. This feature uses either one or two input file(s) to describe the aerosol size distribution
shape and number density profile. The first input fde is required and must be specified according
to format given in Table A-7. The default extension of this data file is .lav and a sample file is
shown in the second part of Table A-7. Note that the user-defined aerosol is only permitted when
the simulation is for an aerosol backscatter or coherent Doppler system and the propagation
profile comes from the built-in aerosol models.

As indicated in Table A-7. the second input file is specified only when the aerosol size
distribution is given in terms of user-defined radii and number densities. The default extension of
this data file is .siz and a sample file is shown in Figure A-4.

A.5 Optional Radiosonde Data Files

In BACKSCAT. the protiles of Rayleigh scattering and the existing wind field c.n be
represented by radiosonde data files. Chapter 10 describes how to specify radiosonde data wit~i
BACKSCAT's Radiosonde Data Entry Program. Alternately, the user can supply a radios, nde
data file that has been generated off-line. The default extension of radiosonde data files is .rsd.

The first record in the radiosonde data file is a series of flags that define the physical uwits
of the data. The unit flags are described in Table A-8. The units flags must be set to 0 when lie
radiosonde data file is created off-line. The format of the first record is (5X,713).

After the record with the units flags, the radiosonde data are specified in six column
records, When the radiosonde data file is created off-line, each record of radiosonde data must be
formatted as (6(5X.F8.2)) and must be use the following mandatory units:

Column 1: Altitude (m MSL)
Column 2: Pressure (mb)
Column 3: Temperature (C)
Column 4: Relative humidity (%)
Column 5: Wind speed (m s-)
Column 6: Wind direction (deg)

In Column 6. the wind direction is defined clockwise from North (N=01, E=90', etc.). An
example of a radiosonde data file is shown in Figure A-5. The minimum and maximum altitudes
must encompass the full altitude range of the simulation. The data must be arranged with the
altitudes in increasing order. Currently, BACKSCAT limits the number of altitudes to one
hundred.
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Table A-7. Input File for a User-Defined Aerosol Layer, (a.) Description of Parameters. Detailed
explanations of the log normal and modified gamma distributions can be found in the Handbook
of Geophysics 2

RECORD FORMAT DESCRIPTION
1 14X.I Size distribution flag

I = Log normal
2 = Modified gamma
3 = User-defined radii and number densities

If log normal distribution used
2a F15.5 Total number density of mode 1 (cm- 3 )

2b F15.5 Mode radius of mode 1 (imn)
2c F15.5 Log of standard deviation of mode 1
2d F15.5 Total number density of mode 2 (cm- 3)

2e F15.5 Mode radius of mode 2 (4.tm)
2f F15.5 Log of standard deviation of mode 2

If modified gamma distribution used
2a F15.6 A Parameter
2b I 15 xc Parameter
2c F15.6 B Parameter
2d 115 y Parameter

If user defined size distribution used
2a A15 Name of size distribution data file
3 115 Aerosol type flag

0 = User defined
I = Water
2 = Ice
3 = Dust
4 = Maritime
5 = Background stratospheric
6 = Smoke

If uscr defined aerosol type
3b F15.5 Real part of index of refraction
3c F15.5 Inaginary part of index of refraction
4a 115 Number of altitudes in density profile (2-5)
4b F15.5 Altitude #1 kim)
4c F15.5 Number density at altitude #1 (cm- 3 )

Repeat Records 4b and 4c for each altitude
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Table A-7. (cont.) (b.) Sample File Listing of bscatv4.lay
1 Size distribution flag
1 Total # density of Mode 1

0.03000 Mode Radius of Mode 1
0.35 Standard deviation of Mode 1

0 Total # density of Mode 2
0.00000 Mode Radius of Mode 2

0 Standard deviation of Mode 2
0 Refractive Index Flag

1.39600 Real part of Refractive Index
0 Imag part of Refractive Index
2 Number of altitudes defined

5.00000 Altitude (kim)
1 # Density (particles/cm**3)

6.00000 Altitude (knm)
2 # Density (particles/cm**3)

27 0.001 2.295E-06

1.000 1.177E-06
1.500 1.124E-06
2.000 1.071E-06
3.000 9.653E-07
4.000 8.759E-07
5.000 7.923E-07
6.000 7.157E-07
7.000 6.439E-07
8.000 5.792E-07
9.OCO 5.180E-07

10.000 4.626E-07
11.000 4.120E-07
12.000 3.661E-07
13.000 3.226E-07
14.000 2.849E-07
15.000 2.496E-07
20.000 1.050E-07
25.000 4.462E-08
30.000 1.942E-08
40.000 4.61.5E-09
50.000 1.213E-09
60.000 3.626E-10
70.000 1.018E-10
80.000 2.284E-11
90.000 3.732E-12

100.000 5.827E-13

Figure A-4. Sample Listing of the Input File for the Size Distribution of a User-Defined Aerosol
Layer. .bscarv4.siz. The first record gives the number of particle radii. Subsequent records are

particle radii (ýtm) and the corresponding number densities (particles per cm 3 ) in free format
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Table A-8. Description of the First Record of a Radiosonde Data File. The format is (5X,713)

'LAG NO. MEANING POSSIBLE VALUES
I Reference altitude units 0 = Mean sea level

I = Station altitude
2 Altitude units 0 = Meters

I = Feet
3 Pressure units 0 = Mili bars

1 = Pascals
4 Temperature units 0 = Celsius

I = Kelvin
2 = Farenheit

5 Moisture units 0 = Ru.lative humidity (%)
I = Dew point (Celsius)
2 = Dew point (Kelvin)
3 = Dew point (Farenheit)

6 Wind speed units 0 = Meters per second
I = Mile per hour
2 = Knots

7 Wind direction units 0 = Degrees. clockwise from North
(N=O°. E=90'. etc.)
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UNITS 0 0 0 0 0 0 0
79.00 1.005.80 27.90 64.00 11.00 12n.00

300.00 980.93 23.70 70.00 12.00 123.00
600.00 947.81 19.60 85.00 11.00 121.00
900.00 915.44 17.80 82.00 7.00 111.00

1200.00 883.96 16.20 72.00 4.00 74.00
1500.00 853.38 14.20 69.00 4.00 46.00
1800.00 823.68 13.80 48.00 2.00 81.00
2100.00 795.03 14.60 22.00 1.00 72.00
2400.00 767.26 12.80 23.00 3.00 26.00
2700.00 740.29 10.60 25.00 4.00 26.00
3000.00 714.06 8.10 25.00 3.00 37.00
3300.00 688.60 7.30 21.00 4.00 73.00
3600.00 663.99 6.60 19.00 6.00 87.00
3900.00 640.20 5.80 19.00 5.00 90.00
4200.00 617.15 3.90 19.00 4.00 82.00
4500.00 594.77 1.90 19.00 3.00 74.00
4800.00 573.05 0.10 19.00 2.00 24.00
5100.00 551.98 -1.90 20.00 2.00 279.00
5400.00 531.56 -3.50 19.00 2.00 218.00
5700.00 511.80 -4.70 18.00 4.00 148.00
6000.00 492.66 -6.60 19.00 6.00 137.00
6300.00 474.10 -8.80 19.00 8.00 141.00
6600.00 456.10 -11.20 20.00 6.00 138.00
6900.00 438.63 -13.30 20.00 2.00 139.00
7200.00 421.67 -16.00 21.00 1.00 32.00
7500.00 405.21 -18.50 21.00 6.00 29.00
7800.00 389.27 -19.80 20.00 9.00 25.00
8100.00 373.86 -21.90 21.00 10.00 24.00
8400.00 358.96 -23.20 21.00 12.00 28.00
8700.00 344.58 -24.70 23.00 12.00 21.00
9000.00 330.68 -26.60 25.00 10.00 1.00
9300.00 317.24 -28.70 24.00 9.00 334.00
9600.00 304.22 -31.30 26.00 11.00 324.00

30000.00 12.09 -40.10 0.40 21.00 89.00
30300.00 11.57 -38.40 0.40 15.00 85.00
30600.00 11.09 -36.80 0.30 12.00 83.00
30900.00 10.62 -35.10 0.00 8.00 78.00
31200.00 10.18 -33 .20 0.30 6.00 68.00
31500.00 9.76 -31.80 0.00 3.00 29.00
31800.00 9.36 -31.40 0.10 5.00 325.00
32100.00 8.98 -31.70 0.00 8.00 308.00
32400.00 8.61 -32.50 0.10 8.00 299.00
32700.00 8.25 -33.10 0.00 8.00 296.00
33000.00 7.19 -33.70 0.10 7.00 295.00
33300.00 7.18 -34.40 0.00 6.00 299.00
33600.00 7.17 -35.10 0.00 6.00 299.00

Figure A-5. Sample Listing of a Radiosonde Data File, bscatv4.rsd. The file has been shortened
for brevity
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A.6 Optional Molecular Absorption Data Files

BACKSCAT permits molecular absorption to be included in simulations for aerosol
backscatter and coherent Doppler lidar. This is achieved with an input data file that contains a set
of molecular absorption coefficients as a function of altitude. This data file can be created off-line
by the user. or by the mabs package. The data must be for the lidar wavelength of the simulation.

A.6.1 Input Files for the mabs Package

The input file for mabs is called mabs.in. The format of mabs.in is described in Table A-9.
The first and second records of mabs.in are always required. Subsequent records, which
correspond to the Card 2C series in LOWTRAN7. are specified only when the user-defined
atmosphere (MODEL=7) is selected. Detailed information about the format of the Card 2C series
can be found in the Users Guide for LOWTRAN7. Note that the IRD2 parameter on the third
record, which indicates aerosol data. always equals 0. Sample input files are given in Figures A-6
and A-7.

A.6.2 Input Files for BACKSCAT Simulations

The name of a molecular absorption data file must be eight characters (or less), and the
default extension -s .res. The first record is the number of altitudes in the file. Subsequent records
consist of two columns of free-formatted data. The first column is altitude (kim) and the second
column is the corresponding molecular absorption coefficient (km-1). The minimum and
maximum altitudes must encompass the full altitude range of the simulation. The data mast be
arranged with the altitudes in increasing order. Currently. BACKSCAT limits the number of
altitudes to one hundred. A sample molecular absorption data file is shown in Figure A-8.

When a molecular absorption data file is created with the mabs package, the output file is
called mabs.out. Users must rename this file to a .res file.

A.7 Output Files

BACKSCAT generates two output files during a simulation: a log file and an abbreviated
output data file. The log file contains a summary of the simulation conditions, the propagation
profile, and the results for the lidar simulation. The file extension for the log file is log.
Figure A-9 shows a sample log file.

The output data file only contains the results for the lidar simulation. Here. the output is
structured in a tabular form and is intended for use as input to off-line analysis and graphics
packages. The file extension for the second output file is .dat. Figure A-10 shows a sample output
data file. The last two columns, which refer to wind field information, are set to zero when
aerosol backscatter or Raman scattering systems are simulated.
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Table A-9. Description of Parameters in the Input File. mabs.in. The third and subsequent records
are only required when the model atmosphere parameter on the second record is set to 7

RECORD FORMAT DESCRIPTION POSSIBLE VATLUES
I (A64) Full path to molecule.abs Any valid path. Add trailing Y'

2 (15,2F10.3) Model atmosphere number I = Tropical

2 = Midlatitude summer

3 = Midlatitude winter
4 = Subarctic summer
5 = Subarctic winter
6 = U.S. standard
7 = User-defined atmosphere

Station Altitude 0-6 km
Wavclemgth _> 0.2 aim

3 (315.1 8A4) Number of levels in the 2-34
user-defined atmosphere

Flag to read Card 2C2 0, 1
Flag to read Card 2C3 0 (always)
Identification 72 character limit

4.5.... See Users Pressure, temperature, and Refer to the [.OWTRAN7
Guide amounts for molecular Users Guide for details

species at each level

G: \UJSER\BSCAT\DATA\
- 0.015 1.060

Figure A-6. Sample Input File. nnabs In. When alModel Atmosphere is Selected
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G:\USER\BSCAT\DATA\
7 0.000 1.060

33 1 0 TROPICAL
'.Or0 1.013E+03 2.997E-02 2.593E+04 3.300E+02 2.869E-02"AAAAAAA .

3.200E-01 1.500E-01 1.700E+00 2.090E+05 3.OOOE-04 3.000E-04 2.300E-05 5.OOOE-04 5.OOOE-05

1.000 9.040E+02 2.937E+02 1.949E+04 3.300E÷02 3.150E-0vAAA
3.200E-01 1.450E-01 1.700E+00 2.090E÷05 3.OOOE-04 2.740E-04 2.300E-05 5.OOOE-04 5.960E-05

2.000 8.050E÷02 2.877E+02 1.534E+04 3.300E+02 3.34E-02AAA A
3..2

0
E-01 1.3992-01 1.700E+00 2.090E+05 3.OOOE-04 2.360E-04 2.300E-05 4.630E-04 6.930E-05

3.000 7.150L+02 2.837E+02 8.600E+03 3.300E+02 3.504E-0ZAA
3.200E-01 1.349E-01 1.700E+00 2.090E+05 3.OOOE-04 1.900E-04 2.30CE-05 3.800E-04 7.910E-05

4.000 6.330E+02 2.770E+02 4.441E+03 3.300E+02 3.561E-02AA
3.200E-01 1.312E-01 1.700E+00 2.090E+05 3.000E-04 1.460E-04 2.300E-05 2.880E-04 8.B70E-05

5.000 5.590E+02 2.703E+02 3.346E+03 3.300E+02 3.767E-02AAAA
3.200E-01 1.303E-01 1.700E÷00 2.090E÷05 3.000E-04 1.180E-04 2.300E-05 2.040E-04 9.750E-05

6.000 4.920E+02 2.636E+02 2.101E+03 3.300E+02 3.989E-02AAAAAAAAAAAAA
3.200E-01 1.288E-01 1.700E*00 2.090E+05 3.OOOE-04 9,710E-05 2.300E-05 1.460E-04 1.11OE-04

7.000 4.320E+02 2.570E+02 1.289E+03 3.300E+02 4.223E-02,AA
3.200E-01 1.247E-01 1.699E+00 2.090E+05 3 000E-04 8.300E-05 2.300E-05 9.880E-05 1.260E-04

3.000 3.780E+02 2.503E+02 
7

.637E+02 3.300E÷02 4.471E-02AAAAAAAAAAAAAA
3.200E-01 1.185E-01 1.607E+00 2.090E+05 3.OOOE-04 

7
.2i0E-05 2.300E-05 6.480E-05 1.390E-04

9.000 3.290E+02 2.436E+02 4.098E+02 3.300E+02 5.000E-02AA
3.195E-01 1.094E-01 1.693E+00 2.090E05 3.000E-04 6.560E-05 2.320E-05 3.770E-05 1.530E-04

10.000 2.860E+02 2.370E+02 1.912E+02 3.300E÷02 5.595E-02AA
3.179E-01 9 .962E-02 1.685E+00 2.090E÷05 3.O0OE-04 6.080E-05 2.380E-05 2.030E-05 1.740E-04

.1.000 2.470E*02 2.301E+02 7,306E+01 3.300E÷02 6.613E-02AA
3.140E-01 8.964E-02 1.675E+00 2.090E+05 3.000E-04 5.790E-05 2.620E-05 1.090E-05 2.0Z0E-04

12.000 2.130E÷02 2.236E+02 2.905E+01 3.300E+02 7.815E-02-02&
3.095E-01 7.814E-02 1.662E+00 2.090E+05 3.OOOE-04 S.600E-05 3.150E-05 6.300E-06 2.410E-04

13.0C0 1.620E,02 2.170E+02 9.900E+00 3.300E+02 9.289E-02AkAA A
3.048E-01 6.374E-02 1.645E+00 2.090E÷05 2.990E-04 5.590E-C5 4.450E-05 3.120E-06 2.760E-04

14.000 1.560E÷02 2.103E+02 6.220E+00 3.300E+02 1.050E-01A
2,999E-01 5.025E-02 1.626E+00 2.090E+05 2.930E-04 5.640E-0S 7.480E-05 1.1lOE-06 3.330E-04

15.000 1.320E+02 2.037E+02 4.OOOE÷00 3-300E+02 1.2t)E-01AAAA
'.944E-01 3.941E-02 1.60SE+00 2.090E÷05 2.830E-04 5.750E-05 1.710E-04 4.470E-07 4.520E-04

7G.000 S,8OOE-02 2.189E+02 4500E+00 3.300E+02 3.000E-01A
1.149E-03 1.93SE-01 1.500E-01 2.090E+05 1.150E-02 4.320E-0S 2.310E-04 2.570E-12 3.270E-0S

100.000 2.890E-04 1.907E+02 4.000E-01 1 950E+02 4.OOOE-O1AAAAAAAAAAAAAA
3.323E-04 1.705E+01 1.200E-01 1.600E÷05 2 080E÷00 3.510E-07 1.7uuE-04 1.480E-12 2.730E-05

Figure A 7. Abbreviated Sample Input File, mabs.in, When a User-Defined Atmosphere is
Selected
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33
.015 5.707E-03

1.013 4.381E-03
2.010 3.316E-03
3.007 2.401E-03
4.005 1.791E-03
5.003 1.315E-03
6.000 1.033E-03
7.000 8.186E-04
8.000 6.474E-04
9.000 5.211E-04

10.000 4.203E-04
11.000 3.278E-04
12.000 2.626E-04
13.000 2.184E-04
14.000 1.842E-04
15.000 1.550E-04
16.000 1.321E-04
17.000 1.129E-04
18.000 9.591E-05
19.000 8.154E-05
20.000 6.944E-05
21.000 5-919E-05
22.000 5-037E-05
23.000 4-315E-05
24.000 3.678E-05
25.000 3.1.47E-05
30.000 1.299E-05
35.000 6-139E-06
40.000 2.980E-06
45.000 1.490E-06
50.000 7.749E-07
70.000 5.960E-08

100.000 0.000E+00
Figure A-8. Sample Output File. mabs.out. The results are for the input file shown in Figure A-6
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* LIDAP Backscatter Simulation *
* (Version 4.0) *

"* Simulation Log

"LIDAR SYSTEM PARAMETERS *

Type of Lidar System: COHERENT DOPPLER

Transmitter Parameters:
Wavelength (urm) i0.60000
Pulse Energy (J) 1.00000
Pulse Duration (us) 1.00000
'rransmitter Efficiency ( 1.00000

Receiver Parameters:
Aperture Diameter (cm) 100.00000
Obscuration Diameter (cm) 2.00000
Receiver Efficiency (-) 1.00000
Receiver Field-of-View (urad) 300.00000
B-grd Radiance (W/ (m2*sr*um)) .00000
Spectral Filter Width (A) .00000

..... DETECTOR PARAMETERS *

Hardware Information:
Detector 'Type HgCdTe
Quantum Efficiency .40000
Current ;ain (-) 1.OOOOOE÷00
Detector Excess Noise Factor ( 1.00000
Spectral NEP (W/sqrt(Hz)) 1.00000E-12

***** COHERENT DOPPLER INFORMATION *****

signal-to-noise relationships assume the local
oscillator power is large enough to make system
shot-noise limited. For the current detector,
the local oscillator power >> 3.031E-04 Watts

Figure A-9. Sample Log File for a Coherent Doppler Lidar System, bscatv4. log (Cont'd on next
page)
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. VIEWING PARAMETERS**

.. idar Orientation:
Sensor Height (kim) .00000
Viewina Azimuth Angle (Deg) 270.00000
Viewing Elevation Angle tDeg) 45.00000

Range of the Lidar Calculation:
Nearest (Minimum) Range (kJn) .00000
Farthest (Maximum) Range (Jan) 100.00000
Range Resolution (km) .50000

Ground Characteristics:
Ground Altitude (km MSL) .00000
Surface Albedo (-) .25000

***** ATMOSPHERIC MODEL

Boundary Layer:
Aerosol RURAL
Surface Visibility (klm) 23.00000
Relative Humidity (Percent) 70.000
Wind Speed (m/s) at 10 m 10.C0000

Troposphere:
Relative Humidity (Percent) 70.000

Stratosphere:
Aerosol Composition STRATOSPHERIC
Aerosol Profile BACKGROUND

Upper Atmosphere:
Aerosol Profile NORMAL

Season: FALL/WINTER

Layer Heights:
Boundary Layer (kim) 2.00000
Troposphere (kdn) 9.00000
Stratosphere kkm) 29.00000
Top of Atmosphere (km) 100.00000

Molecular Scattering INCLUDED.

Molecular Scattering/Wind Field Source: TROPICAL

No Molecular Absorption.

Figure A-9. (cont'd). Sample Log File for a Coherent Doppler Lidar System. bscatv4.log (cont'd
on next page)
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Propagation profile written to file DEP'AULT.dpf

***LIDAP. PROPAGATION PROFILE

Aeroso). Aerosol Aerosol kerosol
Height ExKtinct Scatter Absorp B scatter M4ol Scat. M1o B'scat

.90 1.25SE-02 7.426E-03 5.126E-03 1.0'SE-07 7.669E-08 9.028E-12
1.00 7.873E-03 4.658E-03 3.215E-03 6.7dý5E3-08 6.972E-08 8.207E-12
1.50 6.292E-03 3.722E-03 2.57013-03 5.3515E-08 6.658E-08 7.838E-~12
2.00 4.934E-03 2.919E-03 2.015E-03 4.22*7E-08 6.344E-08 7.469E3-12
3.00 3.552E-04 1.940E-05 3.358E-04 1.56SE-09 5.717E-08 6.730E-12
4.00 1.567E-04 8.557E-06 1.481E-04 6.91713-10 5.18713-08 6.106E-'12
5.00 6.333E-05 3.459E-06 5.988E-05 2.796E-10 4.692E-08 5.524E-12
6.00 4.623E-05 2.524E-06 4.370E-05 2.04113-10 4.239E-08 4.990E-12
7.00 3.003E-05 1.640E-06 2.839E-05 1.326E-10 3.814E-08 4.489E-12
8.00 1.841E-05 1.00513-06 1.741E-05 8.128E-11 3.430E-08 4.03S5-12

9.00 1.280E-05 6.988E-07 1.210E-05 5.649E-11 3.068E-08 3.611E-12
10.00 3.195E-05 2.136E-07 3.174E-05 2.450E-11 2.74013-08 3.226E-12
11.00 2.899E-05 1.938E-07 2.880E-05 2.223E-11 2.440E-08 2.873E-12
12.00 2.692E-05 1.799E-07 2.6745-05 2.064E-11 2.168E-08 2.553E-12
13.00 2.5255-05 1.6882-07 :.5085-OS 1.936E-11 1.9105-08 2.249E-12
14.00 2.619E-05 1.7S15-07 2.601E-05 2.008E-11 1.687E-08 1.986E3-12
1-5.00 2.611E-05 1.7455-07 2.593E-05 2.002E-11 1.478E-08 1.740E-12
16.00 2.603E-05 1.740E-07 2I.5855-05 1.996E-11 1.283E-08 1.51013-12
17.00 2.440E-05 1.631E-07 2.4245-05 1.871E-11 1.0955-08 1.289E-12
18.00 2.286E-05 1.528E-07 -2.271E-05 1.753E-11 9.063E-09 1.067E-12

19.00 1.998E-05 1.335E-07 1.984E-05 1.532E-11 7.4605-09 8.782E-13
220.00 1.717E-05 1.148E-07 1.706E-05 1.317E-11 6.219E-09 7.321E-13
21.00 1.429E-05 9.554E-08 1.420E-05 1.096E-11 5.187E-09 6.106E-13
22.00 1.202E-05 8.034E-08 1.194E-05 9.215E-12 4.336E-09 5.105E-13
23.00 9.826E-06 6.568E-08 9-760E-06 7.534E-12 3.674E-09 4.325E-13
24.00 7.714E-06 5.157E-08 ~7.663E-06 5.915E-12 3.116E-09 3.669E-13
25.00 6.090E-06 4.071E-08 6.049E-06 4.670E-12 2.642E-09 3.17.1E-13
26 .00 469-6 311-8435-06 3 .580E-12 2 .231E-09 2.626E-13

27.00 3.634E-06 2.429E-08 3.609E-06 2.786E-12 1.882E-09 2.216E-13
28.00 2.720E-06 1.818E-08 2.702E-06 2.086E-12 1.5975-09 1.880E-13

29.00 2.111E-06 1.411E-08 24.097E-06 1,619E-12 1.353E-09 1.592E-13
30.00 8.110E-06 1.45A5-06 6.653E-06 4.503E-11 1,150E-09 2-354E-13
35ý00 4.031E-06 7.247E-07 3.307E-06 2.23S5-11 4.908E-10 5.77SE-14
40.00 1.954E-06 3.514E-07 1,603E-06 1.08513-11 2.733E-10 3.217E-14
45.00 9.820E-07 1.766E-07 8.056E-07 5.452E-12 1.366E-10 1.609E-14
b0-00 5.130E-07 9.224E-08 4.208E-07 2.8485-12 7.181E-11 8.454E-15
5S.00 2.663E-07 4.788E-08 2.184E-07 1.4785-12' 3.939E-11 4.637E-15
60.00 1.412E-07 2.539E-08 1-15SE-07 *7.839E-13 2.147E-11 2.52813-15
65.00 7.451E-08 1.340E-08 6.112E-08 4.137E-13 1.164E-11 1.371E-15
70.00 3.908E-08 7.028E-09 3.206E-08 2.170E-13 6.031E-12 7.099E-16

75.00 1.698E-08 3,053E--09 1.393E-08 9.426E-14 2.9355-12 3.455E-16
80.00 7.084E-09 1.274E-09 5.812E-09 3.933E-14 1.3535-12 1.592E-16
85.00 2.931E-09 5.271E-10 2.4055-09 1.628E-14 5.654E-13 6.656E-1'7
90.00 1.246E-09 2.240E-10 1.022E-09 6.917E-15 2.210E-13 2.60213-17
95.00 5.252E-10 9.443E-11 4.309E-10 2.916E-15 8.506E-14 1.001E-17

100.00 2.272E-1.0 4.085E-11 1.864E-10 1.2615-15 3.451E-14 4.063E-18J

Figure A- 9. (cont'd). Sample Log Fie for a Coherent Doppler Lidar System, bscatv4. log (cont'd
on next page)
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PROPAGATION WIND FIELD

Wind Wind
Height Speed Direction

(kM) (M/s) (deg)

.00 5.1 78.7
2.00 8.0 90.0
4.00 7.0 90.0
6.00 5.1 101.3
8.00 2.2 116.6

10.00 1.0 180.0
12.00 3.0 270.0
14.00 5.1 281.3
16.00 .0 .0
18.00 8.0 90.0

20.00 12.0 85.2
22.00 12.0 94.8
24.00 14.0 94.1
26.00 15.0 93.8
28.00 19.0 ^3.0
30.00 22.0 92.6
32.00 26.0 90.0
34.00 28.0 88.0
36.00 30.0 88 1
38.00 32.0 90.0

40.00 33.0 91.7
42.00 33.1 95.2
44.00 35.1 94.9
46.00 36.2 96.3
48.00 37.2 96.2
50.00 35.1 94.9
52.00 30.0 91.9
54.00 23.3 99.9
56.00 13.6 107.1
58.00 3.6 123.7

60.00 1.4 225.0
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Simulation output written to DEFAULT.dac

***COHERENT DOPPLER SYSTEM***

Optical Lidar Range Ind. Ra~nge Signal-to-
Ranae Height Depth Return Lidar Accuracy Noise

(kn (k ) ( W) (W-sq mri km)(-

5.0ODE-01 3.536E-01 5.854E-03 4.344E-05 1.086E+01 2.461E-03 4.307E+04
!.ýOOE.OO 7.071E-01 1.089E-02 9.120E-06 9.120E+00 5.372E-03 1,973E+04
l.SOOE.OO 1.061E+00 1.511E-02 3.340E-06 7.515E400 8.877E-03 1.194E+04
2.O0OE+CO I..414E+OC) 1.867E-02 1.594E-06 6.376E+00 1.28SE-02 8.249E+03
2.500E+00 1.768E+00 2.169E-02 8.597E-07 5.373E+00 1.750E-02 6.058E+03
3.OOOE+OO 2.121E+00 2ý422E-02 4.651E-07 4.186E+00 2.379E-02 4.456E+03
3.500E+00 2.475E*OO 2.600E-02 2.093E-07 2.564E+00 3.546E-02 2.989E+03
4.0OOE+00 2.828E+00 2.697E-02 5.964E-08 9.542E-01 6.643E-02 1.596E+03
4.500E+00 3.182E+00 2.726E-02 7.787E-09 1.577E-01 1.83SE-O1 5.766E+02
5.OOOE+OO 3.536E+00 2.740E-02 4.924E-09 1.231E-01 2.312E-01 4.585E+02

5.5OOE.CO 3.889E+00 2.751E-02 2.928E-09 8.8S6E-02 2.998E-01 3.535E+02
6.OOOE.OO 4.243E+00 2.758E-02 1.849E-09 6.656E-02 3.773E-01 2.809E+02
6.500E+00 4.596E+00 2.764E-02 1.191E-09 5.030E-02 4.701E-01 2.2S5E+02
7.OOOE.OO 4.950E+00 2.768E-02 6.949E-10 3.40SE-02 6.154E-01 1.722E+02
7. 500E+00O S.303E+00 2 .771E-02 5.186E-10 2.917E-02 7.123E-01 1.488E+02
8.OOOE+0O 5.657E.O00 2.774E-02 4.090E-10 2.61SE-02 8,021E-01 1.321E+02
8 .500E+00 .010E+00 2.777E-02 3.211E-10 2.320E-02 9. 053E-01 1.171E+02
9 .000E+00 6 .3 64E+00 2 779E-02 2.S13E-10 2.035E-02 1.023E+00 1.036E+02
9.500E+00 6.'71S5.00 2.781E-02 1.941E-10 1.752E-02 1.164E+00 9.104E+01
1.300E+01 7.071E+00 2.782E-02 1.485E-10 1.46S5-02 1.331E+00 7.9625.01

1.050E+01 7.425E+00 2.784E-02 1.162E-10 1.281E-02 1.505E+00 7.043E+01
1.100E+01 7.778E+00 2.785E-02 8.904E-11 1.077E-02 1.719E+00 6.165E+01
1.150E.01 8.132E+00 2.786E-02 6.901E-11 9.126E-03 1.953E+00 5.428E+01
1.200E+01 8.485E+00 2.787E-02 5.649E-11 8.J.34E-C3 2.158E+00 4.911E.01
1.250E+01 8.839E.00 2.787E-02 4,571E-11 *7.142E-03 2.400E+00 4.417E+01
1.300E+01 9.192E+00 2.788E-02 3.548E-11 5.996E-03 2.723E+00 3.892E.01
1.350E+01 9. 546E+00 2 .789E-02 2.591E-11 4.722E-03 3.187E+00 3.326E.01
1.400E+01 9.899E+00 2.790E-02 1.759E-11 3.448E-03 3.868E+00 2.740E+01
1.450E4.01 :.025E+01 2.792E-02 1.432E-11 3.012E-03 4.286E+00 2.473E+01
1.500E+01 1.061E.01 2.794E-02 1.293E-11. 2.908E-03 4.512E+00 2.349E.01

1.550E+01 1.096E+01 2.795E-02 1.168E-11 2.806E-03 4.747E+00 2.233E.01
1.0005.+01 1.131E+01 2.796E-02 1.065E-11 2.727E-03 4.971E+00 2.132F,01
1.650E.01 1.167E.01 2.798E-02 9.739E-12 2.651E-03 5,198E.00 2.039E.01
1.700E+01 1.202E.01 2.799E-02 8.919E-12 2.578E-03 5.432E.00 1.951E.01
1.750E.01 1.237E.01 2.801E-02 8 212E-12 2.5155-03 5.661Ei.00 1.872E.01
1.800E+01 1.273E+01 2.802E-02 7.570E-12 2.453E-03 S 8965.00 1.798E.01
1.850E+01 1.308E.01 2.803E-02 7.0385-1.2 2.409E-03 6.113E+00 1.733E+01
1.900E+01 1.344E+01 2.804E-02 6.722E-12 2.427E-03 6.257E+00 1.694E.01
1 950E+.01 1.379E.01 2.806E-02 6.42SE-12 2.444E-03 6.398E.00 1.657E+01
2.0005.01 1.414E+01 2.807E-02 6.125E-12 2.450E-03 6.555E+00 1.617E.01

2.0505.01 1.450E+01 2.80SE-02 S,801E-12 2.438E-03 6.735E+00 1.574E.01
2.100E+01 1.485E.01 2.810E-02 5,501E-12 2.4263E-03 6.917E.00 1.532Ei.01
2.150E+01 1.520E.01 2.811E-02 S.222E-12 2.414E-03 7.099E.00 1.493E.01
2.200E+01 1.556E.01 2.812E-02 4.964E-12 2.402E-03 7.281E+00 1.456E.01
2.250E.01 1,591E.01 2.813E-02 4.722E-12 2.191E-03 7.465E.00 1.420E+01
2.300E+01 1.626E+01 2.815E-02 4.433E-12 2.345E-03 7.705E.00 1.376E.01
2.350E+01 1.662E+01 2.816E-02 4.141E-1.2 2.287E-03 7.971E.00 1.330E.01
2.400E+01 1.697E.01 2.817E-02 3.870E-12 2.229E-03 8.246E.00 1.285E.01
2.450E+01 1.732E.01 2.819E-02 3.622E-12 2.174E-03 8.524E+00 1.243E.01
2.500E+01 1.768E.-01 2.820E.-02 3.390E-12 2.119E-03 8.811E+00 1.203E+01

2.550E+01 1.803E.01 Z.821E-02 3.168E-12 2.060E-03 9.115E.00 1.163E.01
2.600E+01 1,938E+01 2.822E-02 2.907E-12 1.965E-03 9.5145.00 1.114E+01
-.650E+0: 1.874E+01 2.823E-02 2.664E-12 1.871E-03 9.938E.00 1.066E.01
2.700E+01 1.9095.-Ol 2.824E-02 2.439E-12 1.778E-03 1,039E.01 1.020E.01
2.750E+01 1.945E.01 2.825E-02 2.23]1E-12 1.688E-03 1.086E.01 9.760E+00
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2.800E*01 1.980E+01 1. 326E-02 2.037E-12 1.597E-03 1.137E+01 9.3326E+00
2.850E+01 2.015E÷01 2.827!--02 1.855E-12 1.506E-03 1.191.+0l 8.898E*00
2.900E÷01 2.051E÷01 2.828E-02 1.682E-12 1.415E-,03 1.251E+01 8.474E÷00
2.950E+01 Z.C86E+01 2.828E-02 1.520E-12 1.323E-03 1.316E+01 8.056E÷00
3.O000E01 2.121E÷01 2.829E-02 1.381E-12 1.243E-03 1.380E5 01 7.678E+00

3.050E÷01 2.157E÷01 "".830E-02 1.258E-12 1.170E-03 1.446E+01 7.329E+00
3.100E+01 2.192E*01 2.830E-02 1.142E-12 1.098E-03 1.518E+01 6.984E.00

9.550E÷01 6.753E÷01 2.846E-02 3.843E-15 3.505E-05 2.617E-02 4.050E-01
9.600E+01 6.788E÷01 2.846E-02 3.634E-15 3.350E-05 2.691E+02 3.939E-01
9.650E+01 6.,24E*01 2.846E-02 3.430E-15 3.194E-05 2.770E+02 3,827E-01
9.700E+01 6.859E÷01 2.846E-02 3.230E-15 3.039E-05 2.854E÷02 3.713E-01
9.750E+01 6.894E+01 2.846E-02 3.034E-15 2.884E-05 2.945E÷02 3.599E-01
9.800E+01 6.930E÷01 2.846E-02 2.842E-15 2.729E-05 3.043E÷02 3.483E-01
9.850E+01 6.965E+01 2.846E-02 2.653E-15 2.574E-05 3.150E+02 3.365E-01
9.900E+01 7.OOOE+01 2.846E-02 2.473E-15 2.423E-05 3.262E+02 3.249E-01
9.950E+01 7.036E+01 2.846E-02 2.346E-15 2.323E-05 3.349E÷02 3.165E-01
1.000E÷02 7.071E+01 2.846E-02 2.226E-15 2.226E-05 3.438E5 02 3.083E-01

. . ........ IND SPEE ACCURACY .....

Existing Radial Wind Speed
Range Height W';ind Speed wind Speed Accuracy

(kmn) (k 'v•is) (m/s) (m/s)

5.000E-01 3.536E-01 5.6 -3.9 .0
1.000.E00 7.071E-01 6.1 -4.3 .0
1.500E+00 1.061E+00 6.6 -4.7 .0
2..000+00 1.414E+00 7.2 -5.0 .0
2 .500E00 1.768E÷00 7.7 -5.4 .0
3.OOOE+00 2.121E÷00 7.9 -5.6 .0
3.500E+00 2.475E÷U0 7.8 -5.5 .0
4.000E+00 2.828E÷00 7.6 -5.4 .0
4.500E+00 3.182E+00 7.4 -5.2 .0
5.000E+00 3.536E÷00 7.2 -5.1 .0

5.500E+00 3.889E+00 7.1 -5.0 .0
6.000E+00 4.243E+00 6.8 -4.8 .0
6.500E.00 4.596E+.0 6.4 -4.5 .0
7.000.E00 4.950.E00 6.1 -4.3 .0
7.500F+00 5.303E÷00 5.8 -4.0 .0
8.00 +00 5.657E÷00 5.4 -3.8 .0
8.500E+00 6.010E+00 5.1 -3.5 .0
9,000.E00 6.364E÷00 4.6 -3 . .0
9.500E+00 6.718E+00 4.1 -2.7 .0

1.000E+01 7.071.E+00 3.5 -2.4 .0

1.050E+01 7.425E+00 3.0 -2.0 .0
1.100E+01 7.778E+00 2.5 -1.6 .0
1.150E÷01 8.132E+00 2.1 -1.3 .0
1.200E÷01 8.46.5E+00 1.9 -1.0 .0
1.250E+01 8.839E+00 1.7 -. 7 .0
1.300E÷01 9.192E+00 1.5 -. 5 .1
1.350E+01 9.546E+00 1.3 -. 2 .1

1.40CE.01 9.899E+00 i.1 .0 .1
1.450E+01 1.025E+01 1.3 .2 .1
1.SOOE+01 1.061E+01 1.6 .5 .1

I. 550E ÷01 1 .096E ÷01 2.0 .9 .1
1.600E÷01 1.131E+01 2.3 1.4 .1
1.650E+01 1.167E+01 2.7 1.8 .1
1.700E÷01 1.202E+01 3.0 2.1 1
1.750E+01 1.237E+01 3.4 2.4 1
1.800E+01 1.273S÷01 3.8 2.7 1
1.850E÷01 1.308E+01 4.1 2.9 1

Figure A-9. (cont'd). Sample Log File for a Coherent Doppler Lidar System. bscatv4.log (cont'd
on next page)

133



1.900E+01 1.344E÷01 4.5 3.2 .i
1.950E+01 I.379E+01 4,9 3.4 .i.U000E+01 1.414E*01 4.7 3.2

2.050E+01 1.450E+01 3.8 2.3 .12,100E+01 1.485E+01 2.9 1.5 .32.150E÷01 1.520E+01 2.0 .7 .i2.200E+01 1.556E+01 1.1 .2 .12.250E+01 1.591E+01 .2 .0 .12.300E+01 1.626E+01 1.1 -. 2 .2
2.350E+01 1.662E+01 2.5 -. 8 .22.400E+01 1.697E+01 3.9 -1.9 .2
2,450E+01 1.732E+01 5.3 -. 3.2 .22.500E+01 1.768E+01 6.7 -4.6 .2

2."150E+01 1.803E+01 6.1 -5.7 .22.600E+01 1.838E•01 8.8 -6.2 .22.650E+01 1.874E÷01 9.5 -6.7 .22.700E+01 1.909E+01 10.2 -7.2 .2
2.750E+01 1.945E÷01 10.9 -7.7 .22.800E+01 1.980E+01 11.6 -8.2 .22.850E+01 2.015E+01 12.0 -8.5 .22.900E+01 2.051E+01 12.0 -8.5 .22.950E+01 2.086E+01 12.0 -8.5 .33.000E+01 2.121E+01 12.0 -8.5 .3

3.050E+01 2.157E+01 12.0 -8.5 .33.100E+01 2.192E+01 12.0 -8.5 .33.150E+01 2.227E+01 12.3 -8.6 .33.200E+01 2.263E+01 12.6 -8.9 .3
3.250E÷01 2.298E+01 13.0 -9.2 .33.300E÷01 2.333E+01 13.3 -9.4 .43.350E401 2.369E+01 13.7 -9.7 .43.400E+01 2.404E+01 14.0 -9.9 .4
3.450E+01 2.440E+01 14.2 -10.0 .43.500E+01 2.475E+01 14.4 -10.1 .5

3.550E+01 2.510E+01 14.6 -10.3 .53.600E÷01 2.546E+Ot 14.7 -10.4 .53.650E÷01 2.581E+01 14.9 -10.5 .5
3.700E+01 2.616E+01 15.3 -10.8 .63.750E+01 2.652Ei0! 16.0 -11.3 .63.800E-01 2.687E+01 16.7 -11.8 .63.850E÷01 2.722E+01 17.4 -12.3 .73.900E+01 2.758E÷01 18.2 -12.8 .73.950E÷01 2.793E+01 18.9 -13.3 .84.OOOE+01 2.828E+01 19.4 -13.7 .8

4.050E+01 2.864E+01 20.0 -14.1 .9
4.100E+01 2.899E+01 20.5 -14.5 .94.150E+01 2.934E+01 21.0 -14.8 .34.200E+01 2.970E+01 21.5 -15.2 .24.250E+01 3.005E+01 22.1 -15.6 .2
4.300E+01 3.041E+01 22.8 -16.1 .24.350E+01 3.076E+01 23.5 -16.6 .24.400E+01 3.111E+01 24.2 -17.1 .24.450E÷01 3.147E+01 24.9 -17.6 .24.500E+01 3.182E+01 25.6 -18.1 .2

4.550E+01 3.217E+01 26.2 -18.5 .24.600E+01 3.253E+61 26.5 -18.8 .24.650E+01 3.288E+01 26.9 -19.0 .24.700E+01 3.323E+01 27.2 -19.3 .34,750E+01 3.359E+01 27.6 -19.5 .3
4.800E+C1 3.394E+01 27.9 -19.7 .3
4.850E+01 3.429E+01 26.3 -20.0 .3

Figure A-9. (cont'd). Sample Log File for a Coherent Doppler Lidar System. bscatv4.log

134



5.OOOE-01 3 .536E-01 5.854E-03 4 .344E-05 1.086E+01 2.461E-03 4.307E+04 -3.917E+00 4.798E-05
1.OOOE+00 7.071E-01 1.089E-02 9 .120E-06 9.120E+00 5.372E-O0 1.973E+04 -4.296E+00 1.047E-04
1.500E+30 I C61E+00 1.S11E-02 3 .340E-06 7.515E+00 8.877E-03 1.194E÷04 -4.674E+00 1.730E-04
2.000E+00 : 414E,00) 1.867E-02 1 .594E-06 6.376E+00 1.285E-02 8.249E+03 -5.048E+00 2. 50SE-04
2.500F+00 1.768E+00 2.169E-02 8 .597E-07 5.373E+00 1.750E-02 6.OS8E+03 -5.417E+00 3.411E-04
3.COOE+00 2.121E+00 2.422E-02 4 .651E-07 4.186E+00 2.379E-02 4.456E+03 -5.614E+00 4 617E-04
3.500E+00 2.475E+00 2.600E-02 2.093E-07 2.564E+00 3.546E-02 2 .989E+03 -5.489E+00 6 913E-04
4 4.OOOE+00 2.828E+OG 2.697E-02 5.964E-08 9.542E-01 6.643E-02 1. 596E+03 -5.364E+00 1. 295E-03
4.500E+00 3. I2E+00 2.726E-02 7.787E-09 1.577E-01 1.838E-01 5. 766E+02 -5.239E+00 3 .584E-03
5.000E+00 3.536E.00 2.740E-02 4.924E-09 1.231E-01 2.312E-01 4. 585E+02 -5.114E+00 4.506E-03
5.SOOE+00 3.889E+00 2.751E-02 2.928E-09 8.856E-02 2.998E-01 3.535E+02 -4.989E+00 5.845E-03
6.000E+00 4.243E+00 2.758E-02 1 .849E-09 6.656E-02 3.773E-01 2 .809E+02 -4.785E+00 7.354S-03
6.5OOOE+00 .596E+00 2.764E-02 1. 191E-09 5.030E-02 4.701E-01 2.255E+02 -4.541E+00 9.165E-03
7.OOOE+00 4.950E+00 2.768E-02 6. 949E-10 3.405E-02 6.154E-01 1.722E+02 -4.293E300 1.200E-02
7.500E+00 5.303E+00 2.771E-02 5 .186E-10 2.917E-02 7. 123E-01 1.488E+02 -4.041E÷00 1.389E-02
8. OOOE+0r 5.657E300 2.774E-02 4 .090E-10 2.618E-02 8 021E-01 1.321E+02 -3.786E+00 1.564E-02
8.500E+C0 6.010E+00 2.777E-.02 3. 211E-10 2.320E-02 9 .053E-01 1.171E+02 -3 .S2SE+00 1.765E-02
9.00OEO00 6.364E+00 2.779E-02 2 .513E-10 2.035E-02 1.023E+00 1.036E+02 -3.136E+00 1.995E-02
9.500E÷00 6.718E+00 2.731E-02 1.941E-10 1.752E-02 1.164E+00 9.104E÷01 -2.748E+00 2.270E-02
1.000E+01 7.071E+00 2.782E-02 1.485E-10 1.485E-02 1.331E+00 7.962E+01 -2.364E+00 2.595E-02
1.050E+01 7.425E+00 2.784E-02 1.162E-10 1.281E-02 1.505E300 7.043E+01 -1.987E+00 2.934E-02
1.100E+01 U.778E+00 2.785E-02 8.904E-11 1.077E-02 1.719E+00 6.165E+01 -1.617E+00 3.251E-02
1.150E+01 8.132E÷00 2.786E-02 6.901E-11 9.126E-03 1.953E+00 S.428E+01 -1.289E÷00 3.807E-02
1.200E+01 8.485E+00 2.787E-02 5.649E-11 8.134E--03 2.158E+00 4.911E+01 -1.003E+00 4.208E-02
1.250E+01 8-839E+00 2.787L-02 4.571E-11 7.142E-03 2.400E+00 4.417E101 -7.188E-01 4.678E-02
1.300E÷01 9.192E+00 2.788E-02 3.548E-11 5.996E-03 2.723E+00 3.892E+01 -4.536E-01 5.309E-02
S1.350E+01 9.546E+00 2.789E-02 2.591E-11 4.722E-03 3.187E÷00 3 .326E+01 -2.237E-01 6.213E-02
1 400E÷01 9,899E+00 2.790E-02 1.759E-1: 3.448E-03 3.868E+00 2.740E+01 -4.167E-02 7.540E-02
1.450E+01 1.025E÷01 2.792E-02 1.432E-11 3.012E-03 4.286E+00 2.473E+01 1.749E-01 8.355E-02
1.500E+01 1.061E-01 2.794E-02 1.293E-11 2.908E-03 4.512E÷00 2.349E+01 5.210E-01 8.796E-02
1.5SOE+01 1.096E+01 2.795E-02 1.168E-11 2.806E-03 4.747E+00 2.233F+01 9.489E-01 9.254E-02
1.600E+01 1.131E+01 2.796E-02 1.065E.-II 2.727E-03 4. 971E+00 2.132E÷01 1.404E+00 9.690E-02
1.650E+01 1.167E+01 2.798E-02 9 .739E-12 2.651E-03 5.198E+00 2.039E301 1.822E+00 1.013E-01
1.700E÷O0 1.202E+01 2.799E-02 8.919E-12 2.578E-03 5.432E÷00 1.951E+01 2.137E+00 1.059E-01
1.750E+01 1.237E+01 2.801E-02 8.212E-12 2.51SE-03 5.661E+00 1.872E÷01 2.398E+00 1.104E-01
1.800E+01 1.273E÷01 2.802E-02 7.570E-12 2.453E-03 5.896E÷00 1.798E+01 2.655E÷00 1.149E-01
1.850E÷01 1.308E÷01 2.803E-02 7.038E-12 2.409E-03 6.115E÷00 1.733E+01 2.908E÷00 1.192E-01
1.900E+01 1.344E+01 2.804E-02 6.722E-12 2.427E-03 6.257E÷00 1.694E+01 3.155E÷00 1.2201-01
1.950E÷01 1.379E+01 2.806E-02 6.428E-12 2.444E-03 6.398E+00 1.657F+01 3.396E+00 1.247E-01
2.000E+01 7.414E+01 2.807E-02 6.125E-12 2.450E-03 6.555E+00 1.617E+01 3.205E200 1.2781-01
2.050E+01 1.450E*01 2.808E-02 5.801E-12 2.438E-03 6.735F+00 1.574E÷01 2.330E*00 1.313E-01
2.100E+01 1.485E+01 2.810E-02 5.501E-12 2.426E-03 6.917E÷00 1.532E+01 1.474E+00 1. 348E-C,1
2.150E+01 1.520E÷01 2.811E-02 5.222E-12 2.414E-03 7.099E+00 1.493E+01 7.483E-01 1.384E-01
S2 .200E+01 1-556E÷01 2.812E-02 4 .964E-12 2.402E-03 7.281E+00 1.456E÷01 2.400E-01 1.419E-01
2.250E201 1.591E+01 2.813E-02 4.722E-12 2.391E-03 7.465E÷00 1.420E+01 1.004E-02 1.455E-01
2.300E+01 1.626E+01 2.815E-02 4,433E-12 2.345E-03 7 .705E200 1.376E÷01 -*1.531E-01 1.5021-01
2.350E+01 1.662E+01 2.816E-02 4.141E-12 2.287E-03 7,971E+00 1.330E+01 -8.130E-01 1.5541-01
2.400E*01 1.697E÷01 2.817E-02 3.870E-12 2.2291-03 8.246E+00 1.285E÷01 -1.896E200 1.607E-01
2.450E*01 1.732E+01 2 .8191-02 3.622E-12 2.174E-03 8.524E+00 1.243E+01 -3.230E÷00 1.662E-01
2.500E201 1.768E+01 2.820E-02 3.390E-12 2.119E-03 8.811E200 1.203E÷01 -4.F94E+00 1.718E-01
2.550E+01 1.803E+01 2.8211-02 3.I(6E-12 2.060E-03 9.115E+00 1.163E÷01 -S.701E÷00 1.777E-01
2.600E+01 1.838E201 2 822E-02 2.907E-12 1.965E-03 9.514E÷00 1.114E+01 -6.200E+00 1.855E-01
2.650E+01 1.874E+01 2 823E-02 2 664E-12 1.871E-03 9 .938E+00 1.066E÷01 -6.698E+00 1 .937E-01
2.700E+01 1.909E÷01 2. 824E-02 2.439E-12 1.778E-03 1 .039E201 1.020E÷01 -7 .193E+00 2.025E-01
2.750E+01 1.945E÷01 2.825E-02 2.2311-12 1.688E-03 1.086E÷01 9.760E÷00 -7.687F+00 2.117E-01
2.800E+01 1.980E+01 2.8261-02 2.037E-12 1.597E-03 1.137E-01 9 326E+00 -8.178E200 2.216E-01
2.850E201 2.0151+01 2.827E-02 1.855E-12 1.506E-03 1.191E.01 9.898E+00 -8.4642.00 2.322E-d1
2.900E+01 2.051E201 2.828E-02 1.682E-12 1.415E-03 1.251E÷01 8.474E+00 -8.478E*00 2.438E-01
2.950E+01 2-086E401 2.828E-02 1.520E-12 1 .323E-03 1.316E.01 8 .056E+00 -8.485E÷00 2.565E-01
3 .000E+01 2.121E÷0l 2.829E-02 1.381E-12 1.243E-03 1.380E*01 7 .678E+00 -8.484E÷00 2 691E-01
3. 00E01 2.157E+01 2.830E-02 1.258E--12 1 170E-03 1.446E201 7 329E+00 -8. 476E.00 2. 819E-01
3.100E÷01 2.192E÷01 2.830E--02 1.142E-12 1.098E-03 1.518E÷01 6. 9841300 -8.460E÷00 2.959E-01
3.150E÷01 2.227E.01 2.831E-02 1.036E-12 1. 028E-03 1.594E+01 6. 650E+00 -8.650E+00 3 107E-01
3.200E÷01 2,263E+01 2.831E-02 9 363E-13 9 588E-04 1.677E+01 6.322r+00 -8.900E÷00 3.268E-01
3.250.E01 :.298E+01 2.832E-02 8.422E-13 8.896E-04 1.768E+01 5. 996E+00 -9.151E+00 3.446E-01
3,300E2 01 2.333132 01 2.832E-02 7,559E-13 8.232E-04 1.866E2 01 5.681E+00 -.9.402E+00 3.637E-01
3.350E+01 -. 369E÷01 2.833E-02 6.745E-13 7.570E-04 1.975E+01 5.366E÷00 -9.653E÷00 3.850E-01
3.400E÷01 -. 404E+01 2.833E-02 5. 994E-13 8.929E-04 2.095E÷01 5.058E+00 -.9.889E2 00 4 085E-01
3. 450F+01 2 440E+01 2.834E-02 5. 388E-13 6.414E-04 2.210!EIU 4.796E2 00 -1..001E+01 4. 308E-01
3 S00,E01 2.475E+01 2. 834E-02 4.81SE-1- 5.902E-04 -2.337?E 01 4.535E2 00 -1.014E-01 4.556E.01

Figure A- 10. Sample Output Data File for a Coherent Doppler Lidar Systtm, bscat,4.dat (Shortened for
brevity)
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Appendix B
RUNNING BACKSCAT VERSION 4.0 IN BATCH MODE

The user can perform a simulation from outside BACKSCAT's menu interface in batch
mode. To do this, type backscat at the MS-DOS command prompt and at the program prompt,
enter an existing configuration file name. BACKSCAT automaticaily appends the .cfg extension
to the file name. In the configuration file, the file names are specified without extensions because
BACKSCAT automatically appends the appropriate extension. For simulations that include a
user-defined aerosol layer, the user must execute the user-defined aerosol program before typing
backscat. (Note that a user-defined aerosol layer is only permitted when aerosol backscatuer and
coherent Doppler systems are simulated with the built-in aerosol models.) To do this, use a
standard text editor to create the file named usraer.tmp which is very similar to the .lay file. The
format of usraer.tmp is given in Table B-1. Copy usraer.tmp into the executable directory and
type usraer at the MS-DOS command prompt.

It is important to note that the user must supply a "complete" configuration file in which
the names of the UO files and the accompanying flags fully describe the simulation. For
BACKSCAT to execute in batch mode, the configuration file must include the names of existing
Lidar System, Detector. Viewing Conditions, and Atmospheric Conditions (if applicable) files.
Also, the propagation profile file must exist if it is an input file for the simulation. Otherwise, the
built-in models must be used and the propagation profile file will be created by BACKSCAT
during the simulation. Finally, it is worth noting that all input files can be created within the menu
interface or using a standard text editor. For reference, the contents and formats of all input files
are given in Appendix A.

To plot simulation results from outside the menu interface system. type quikview at the
MS-DOS command prompt- The program issues prompts for the data file to plot, the type of plot,
and the range limits for the plot. The program will then plot the data file and exit when the user
hits ESC.
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Table B-1. Description and Format of the Input File, usraer.tmp, for the User-Defined Aerosol
Program. Parameters are entered in free format form. Detailed explanations of the log normal and
modified gamma distributions can be found in the Handbook of Geophysics 2

RECORD DATA TYPE DESCRIPTION
I Integer Size distibution flag

I = Log normal
2 = Modified gamma

3 = User-defined radii and number densities
Integer Aerosol type flag

0 = User defined
1 = Water
2 = Ice
3 = Dust
4 = Maritime
5 = Background stratospheric
6 = Smoke

If log normal distribution used
2a Real Total number density of mode 1 (cm"3 )

Real Mode radius of mode 1 (tLm)
Real Log of standard deviation of mode I

2b Real Total number density of mode 2 (cm- 3 )
Real Mode radius of mode 2 (gin)
Real Log of standard deviation of mode 2

If modified gamma distribution used
2 Real A Parameter

Integer cc Parameter
Real B Parameter

Integer y Parameter
If user defined size distribution used

2 Character Name of size distribution data file
3 Real Lidar wavelength

If user defined aerosol type
4 Real Real part of index of refraction

Real Imaginary part of index of refraction
If built-in aerosol type used

4 Character Full directory path to indexof.ref file
5 Integer Number of altitudes in density profile (2-5)
6 Real Altitude #1 (kim)

Real Number density at altitude #1 (cm- 3 )
Repeat Record 6 for each altitude
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